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SEVERAL SPECIES OF DACTYLELLA AND 
DACTYLARIA THAT CAPTURE FREE- 
LIVING NEMATODES 


C11A RLES DrECII SLER ^ 

(WITH 15 FKUJRES) 

Owing to their production of colorless jduriseptate conidia on tall 
colorless conidiophores, six clainpless nematode-capturing hypho- 
mycetes, evidently distinct from all previously described related 
forms of similar predacious character, are herein set forth as new 
species of Dactylella and Dactylaria. It is believed that the sev¬ 
eral species are distributed between the two genera in tolerable 
conformity with established usage, though as has been pointed out 
earlier (13: 467), the distinction between a solitary and a capitate 
sporulating habit is sometimes rather difficult to apply among mem¬ 
bers of the predacious series. The several new species came to 
light in agar plate cultures which after being overgrown with 
Pythhim mycelium had been further planted with small quantities 
of decaying vegetable detritus from different l(»calities; the decay¬ 
ing material in each instance supplying not only the nematodes 
that through rapid multiplication soon infested the agar abun¬ 
dantly but also the fungi by which the animals were subsequently 
destroyed in large numbers. Occasion is taken, besides, to set 

1 Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 
Administration, United States Department of Agriculture; Plant Industry 
Station, Beltsville, Maryland. 

[Mycologia for November-December (41: 601-722) was issued 
January 12, 1950] 
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forth in a provisional way the predacious organs of a related nema- 
tode-cai)turing hyphoinycete that so far has not been seen giving 
rise to reproductive apparatus. Some attention, furthermore,. is 
given to a mucedinous form held referable to Gonafobotrys sim¬ 
plex Corda (9), since in its mycelial habit it offers suggestive re¬ 
semblances to one of the six new species, and in its sporulating habit 
shows general parallelism more especially with the repeatedly no¬ 
dose species of Arthrobotrys so widely active in the capture of 
eelworms. 

A DACTYLELLA WITH SMALL CONSTRICTING RINGS AND MOSTLY 
BISEPTATE OR TRISEPTATE CONIDIA 

Several Petri plates of maizemeal agar which after being over¬ 
grown with mycelium of Pythium ultimum Trow had been fur¬ 
ther planted with small quantities of leaf mold taken from the floor 
of pine {Finns spp.) woods in Yellowstone National Park on 
August 18, 1947, became abundantly infested with eelworms during 
the ensuing weeks. By far the larger number of individual eel¬ 
worms were conspicuously slender in shape and belonged, accord¬ 
ing to Dr. G. Steiner, to two species of Fleet ns. On microscopic 
examination 42 days after the leaf mold had been added the eel¬ 
worms, especially those of the slender species, were found being 
killed over a wide area by a strangling hyphoinycete differing in 
appearance from any known form of similar biological habit. 

The vegetative mycelium of the hyphoinycete came forth here 
and there from the deposits of opaque detritus to extend sparsely 
into the transparent agar. It was composed of sparingly branched 
colorless filaments partitioned at moderate intervals by cross-walls. 
At somewhat longer intervals the hyphae bore sturdy three-celled 
rings (fig. A; fig. 2, A, a, b) which like the similar organs of 
other nematode-strangling forms were usually oriented in a plane 
perpendicular to the hyphal axis, and consequently were most often 
seen in edgewise view. The cellular make-up of the rings was 
better revealed in the occasional specimens that had been pushed 
sideways through the jostling of vigorous nematodes to be brought 
conveniently into lateral view (fig. 1, B-E; F, a, b. fig. 2, B-E) ; 
though such change in position entails some distortion of the stalk 
and at times also of the adjacent portion of mycelial filament. As 
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in other species the stalks were regularly composed of two cells. 
In relatively short stalks the proximal cell was often shorter than 
the distal cell (fig. 1, C; D; F, a, h), thereby providing similarity 
to the strangling species I have described earlier under the bi¬ 
nomials Arthrobotrys dactyloides (12: 482-487), Dactylclla hembi- 
codcs (12: 487-492) and Dactylaria brochopaga (12: 514-518). 
Yet frequently, again, the two cells were of about equal length 
(fig. 1, B; FIG. 2, B-E) somewhat as in my Dactylclla coelohrocha 
(19). The rings themselves closely resembled the corresponding 
organs of Arthrobotrys dactyloides, Dactylclla hembicodes and 
Dactylaria brochopaga in always showing smooth curvature along 
their rounded triangular inner profile as well as along their more 
nearly circular outer profile. Their three arcuate cells were never 
found showing at their inner profile the curious median bulge 
whereby the aperture of the constricting ring in my Dactylclla 
doedycoidcs (13) and my Dactylclla heterospora (15) is given a 
scalloped outline suggestive of trefoil ornamentation. They tapered 
moderately toward the cross-walls .separating them, like the arcuate 
cells of most nematode-strangling species, and thus did not share 
the more pronounced taper characteristic of the arcuate cells in 
Dactylclla coelohrocha. In general the rings here appeared of 
smaller and less variable size than those of any nematode-strangling 
form hitherto described with the exception possibly of my Tricho- 
thecium polybrochmn (12: 535-538). The range of dimensions 
shown by them would in most allied species include only the con¬ 
stricting rings of small and medium sizes. 

Here and there in the cultures where the fungus made its ap¬ 
pearance rings were found that had closed emptily (fig. 1, G; fk;. 
2, F), thereby revealing advantageously the change of the three 
component cells from an elongated arcuate to an obese orbicular 
shape. Usually, however, the rings became closed in capturing 
individual specimens of the two slender species of Plectus (fig. 1, 
//-/. fig. 2, G; H, a; I; J) abundantly infesting the agar sub¬ 
stratum. In some instances a ring that had closed emptily (fig. 2, 
H, b) was found near one that held a captured nematode, suggest¬ 
ing that disturbance by the struggling captive, or perhaps impact 
of the animaVs body against the flat side of the ring, may have sup¬ 
plied the stimulus that resulted in unprofitable closure. Captured 
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eelwoniis were always found indented about equally by all three 
swollen cells; the ring here manifestly operating in the manner 
most widely prevalent among nematode-strangling forms rather 
than in the manner distinctive of Dactylella coelohrocha, which com¬ 
monly grips the animal between the first and second cells. As 
long as a captured eelworm continued struggling with some vigor, 
no change was observable near the constricted ring. Once the 
animal was capable only of feeble movements its integument was 
penetrated by one or more of the three swollen cells, and into its 
fleshy body globose protuberances were intruded forward and back¬ 
ward (Kic;. 1, H). These protrusions soon grew out distally into 
assimilative hyphae which finally extended the invasion thrinigh 
virtually the whole length of the captive (fig. 1, /). Frequently 
in very slender eelworms only a single assimilative hypha was ex¬ 
tended forward and backward from the enveloping ring (fig. 1, /), 
but in somewhat stouter animals the median portions usually came 
to be occupied by two hyphae (fig. 1, J. fig. 2, H, a; J), At the 
anterior end of the animal, as also at its tail end, the assimilative 
hyi)hae often showed marked distension in one or two terminal 
segments ( fkj. 1, I, J; fig. 2, 77, /), a type of modification noted 
previously in Arthrohotrys dactyl aides and Dactylella coclohrocha: 
louring the progress of invasion and for some time afterwards the 
assimilative hyphae were obscured badly, owing to the globulifer- 
ous character of the animal’s degenerating contents, but as these 
contents gradually diminished the assimilative hyphae emerged into 
view more and more clearly. When the animal’s substance was in 
large ])art depicted the assimilative hyphae became noticeably vacu¬ 
olate (fi(]. 1, / ,* FIG. 2, //. /). The vacuoles increased steadily in 
volume on further reduction of the materials in the eelworm, until 
finally the hyphal envelopes wxre no less empty of living protoplasm 
than the animal’s integument surrounding them. 

With ample nourishment thus being obtained through expropri¬ 
ation of captured eelworms, the fungus produced conidiophores at 
variable intervals along the mycelial filaments (fig. K, a; L, a) 
on the surface of the agar substratum. The conidiophores (fig. 1, 
Tv, b, c. fig. 2, K, a: L, a) here consisted of sturdy erect septate 
hyphae, about 0.5 mm. high, that tapered very gradually toward 
the tip where each bore a solitary conidium (fig. 1 , K, d, e. fig. 2, 
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K, b: L, h ). After the conidium had been formed the conidiophore, 
while still in an erect posture, sometimes lost much (fig. 3, or 
all (fig. B) of its protoplasmic contents. Sometimes, again, it 
would fall over on the substratum while all (fig. 1, L, b) or some 
(FIG. 1, M, a) of its segments remained alive, and then in many in¬ 
stances would give rise, usually from one of its proximal segments, 
to a secondary conidiophore (fig. 1, L, c; M, b) which, like its 
parent, bore a single conidium (fig. 1, L, d; M, c). 

The conidia produced by the fungus in nematode-infested agar 
cultures were regularly of elongated ellipsoidal shape. Many 
though not all of them were slightly wider in the distal portion than 
in the proximal portion. Usually the distal end was broadly 
rounded, whereas the lower half of the spore commonly tapered to¬ 
ward the somewhat rounded truncate l)ase. They were divided 
variously by cross-walls ranging in number from one to three. In 
the uniseptate conidia (fig. 1, N, a~c; fig. 2, M, a), which were 
relatively infrequent, the septum nearly always delimited a long 
distal cell from a shorter proximal cell. The biseptate conidia, 
which were abundant, consisted of two short cells and one long 
cell; the long cell in some instances (fkj. 1, A^ d-o; fig. 2, M, 
b-m) surmounting the two short ones, and in other instances (fig. 
1, N, p-s; fig. 2, M, n, o) being placed between them. The almost 
equally numerous triseptatc conidia contained three short cells 
and one long cell; the long cell here most often occurring in penulti¬ 
mate position (fig. 1, N, fig. 2, M, p-s; N) between a short 
apical cell and two short proximal (z.c., basal and parabasal) cells, 
though sometimes it occupied a terminal position (fig. 1, O, a, h). 
In mature conidia, as a rule, the large cell contained a rather large 
elongated vacuole around which subspherical granules were often 
found scattered a little more thickly than elsewhere in the proto¬ 
plasm. Conidia after falling on a moist substratum were often 
found sending up one (fig. 2, O. P) or two (fig. 2, Q) tapering 
aerial hyphae from any of the small cells. These aerial hyphae 
were noticeably more slender than ordinary germ hyphae extended 
by the conidia (fig. 2,R) when immersed in fresh water or in some 
agar medium. 

The fungus was isolated by removing conidia aseptically from 
the tall conidiophores to Petri plates of sterile maizemeal agar, the 
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transfer being accomplished readily by touching the conidia with a 
small slab of sterile agar held on a flamed platinum spatula. In 
pure culture on maizemeal agar kept at a temperature of 20° C. it 
grows with moderate rapidity, usually without forming any pre¬ 
dacious rings. Predacious rings corresponding accurately both in 
their cellular make-up and in their relatively small dimensions to 
those produced in nematode-infested materials have, however, been 
found present abundantly in pure cultures of the fungus in tubes of 
maizemeal agar that had been stored for over eleven months at a 
temperature of 5° C. in containers affording some ])rotection against 
evaporation. As the aging cultures, on microscopical examination, 
showed no contamination by any bacteria, nor any admixture of 
other fungi, nor any infestation by animals, it would seem that the 
new hyphoinycete can give rise to predacious rings, even though 
perhaps only rather slowly, wdthoitt any chemical or physical 
stimulus from alien organisms. 

Although the fungus sporulates rather freely in pure culture on 
maizemeal agar at temperatures near 20° C., the conidial appara¬ 
tus produced here differs in dimensions from that formed on 
nematode-infested substratum. The conidiophores (kk;. 3, C-E) 
are usually much shorter, their height ranging ordinarily from 
150 to 250 fx. The conidia likewise are shorter, commonly varying 
from 30 to 40 ft in length; and as their width is reduced only little, 
if at all, they are generally of smaller size and plumper shape. 
Uniseptate conidia (fig. 3, F, a~o) are produced more frequently 
in pure culture, though showing usually the same manner of par¬ 
titioning into a kniger distal cell and a shorter proximal cell that 
is most prevalent in nematode-infested cultures. Biseptate conidia 
here, much as in nematode-infested cultures, may have both cross¬ 
walls placed toward the basal end (fig. 3, G, Or-h) or may show a 
more symmetrical arrangement in having one cross-wall near the 
basal end and the other near the distal end (fig. 3, G, i-p). Tri- 
septate conidia (fig. 3, H), if formed less frequently than in ne¬ 
matode-infested cultures, usually display similar disposition of 
cross-walls. The fungus evidently sporulates also at relatively 
low temperatures, since in pure culture in tubes of maizemeal agar 
stored at 5° C., it showed oxi examination after eleven and one half 
months an abundance of new living conidia. These conidia seemed 



3. A-H. Dactylella stenohrocha; I, D. aphrobrocha ; J-K. D. ciottopaya; 
S-X, Uiitiamcd Hyphomyccte. 
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generally larger than those produced at 20° C., and were given 
more frequently to rather pronounced curvature. The conidio- 
phores had a tendency toward production of successive spores fol¬ 
lowing repeated elongation. 

Despite the promiscuous variations of its conidia in pure culture, 
the fungus was never found producing spores that could be re¬ 
garded as belonging in a different category from the elongated el¬ 
lipsoidal conidia produced in nematode-infested cultures. It was 
never observed giving rise to any supplementary reproductive bod¬ 
ies comparable, for example, to the uniseptate allantoid conidia of 
Dactvlclla heterospora, or to the elongated globuliferous spores of 
Dactylella doedycoides. It has never been seen provided with 
chlamydospores such as are present abundantly in cultures of 
Arthrobotrys oligospora Fres., nor with distinctive aggregations of 
enlarged indurated mycelial cells of the sort familiar in culture:, of 
Dactylella heterospora, though after several months some of its 
wider hyphae often appear slightly indurated in that their walls 
are then thickened and their contents have become partly globulose. 
While its conidia, in their elongated shape, most nearly resemble 
the large regularly biseptate conidia of Dactylella heterospora, they 
have never l)een found produced in submerged positions under 
the surface of agar substrata, their contour at the base is rounded 
truncate rather than sharply truncate, and they frequently contain 
three cross-walls—so frequently, indeed, that the triseptate condi¬ 
tion may well be regarded as being typical of the species. In their 
outward shape they differ markedly from the obese conidia of 
Dactylella doedycoides, as well as from the swollen turbinate conidia 
of Dactylella benibicodcs; while their generally greater dimensions 
and different arrangement of septa distinguish them from the 
conidia of Dactylaria brochopaga, which are usually borne in capi¬ 
tate clusters rather than singly. 

A term having reference to its relatively small constricting 
rings is deemed suitable as a specific epithet for the fungus. 

Dactylella stenobrocha sp. nov. 

Mycelium sparsum; hyphis hyalinis, mediocriter septatis, plerumque 1.7— 
3.7 At crassis, hie illic ex ramulis bilocularibus (rarius trilocularibus) vulgo 
8-14 M longis et 3-4.5 m crassis laqueos circulares 20-31 /* (vulgo circa 23 m) 
latos proferentibus qui in 3 cellulis arcuatis 14-25 (vulgo circa 17 M) longis 
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medio 4.4-5.5 M extremo circa 3 crassis consistunt et foramen rotundum vcl 
rotundo-triangulum 11-21.5/^ (vulgo circa 13/*) latum circumdant; vermiculo 
neniatoideo in laqueum apertum errato omnibus tribus cellulis abrupte se 
contrahentibus, itaque animal captivum magnopere comprimentibus, mox id 
trucidcntibus, integumentum ejus perforantibus, hyphas intus evolventibus 
quae carnem exhauriunt; hyphis assumentibus incoloratis, septatis, magnam 
partem 2-3.5 /* crassis, sed saepe in cellulas 4-8 /* crassas abeuntibus. Hyphae 
fertiles incoloratae, erectae, vulgo 425-550 /* altae, basi 4.5-6.5 /* crassae, sur- 
sum leniter usque 2.5-3 fi attenuatae, 3-10 septatae, apice quandoque leviter 
latcsccntes, ibi saepe 3-4.5/* crassae, unum conidium ferentes; conidiis hya- 
linis, clongato-cllipsoideis vel late digitiformibus vel interdum aliquantulum 
clavatis, rectis vel leniter curvatis, basi aliquid rotunde truncatis, apice late 
rotundatis, vulgo 34-56.5 /* longis, 12.5-16.5 /* crassis, 1-3 septatis, in una' 
grandiore cellula et 1-3 minoribus cellulis consistentibus, grandiore cellula 
(in uniseptatis sporis plcrtimque cellula superiore, in pluriseptatis sporis 
plerumque cellula ultima aut paenultima) vulgo 21-38/* longa, minoribus 
cellulis vulgo 3-15/* longis. 

VcrmicuU)s nematoideos diversos praecipue nematoidea gracilia capiens con- 
sumensque habitat in humo silvestri in Yellowstone National Park, Wyoming. 

Mycelium scanty; vegetative hyphae colorless, septate at moder¬ 
ate intervals, mostly 1.7 to 3.7 /a wide, often especially in presence 
of nematodes producing mostly underneath and in perpendicular 
positions approximately circular rings measuring 20 to 31 /* (usu¬ 
ally about 23 /a) in outside diameter and composed individually of 
three arcuate cells 14 to 25 /a (usually about 17 /a) long, 4.4 to 5.5 /a 
wide in the middle and about 3 /a wide at the ends—the first and 
third of the cells being united to each other as well as to the distal 
end of a frequently somewhat curved bicellular (occasionally tri- 
cellular) supporting stalk commonly 8 to 14 /a long and 3 to 4.5 /a 
wide, and all three of the cells having a smooth profile without 
median protuberance on the side bordering the ring aperture; this 
aperture being of circular or rounded triangular shape and varying 
commonly from 11 to 21.5 /a in diameter, most often being about 
13 /A wide. After entrance of a nematode into the ring aperture all 
three arcuate cells abruptly contracting, thereby constricting the 
animal to death or disabling it, then perforating the integument and 
extending lengthwise through the body assimilative hyphae for the 
most part 2 to 3.5 /a wide but often terminating in cells 4 to 8^ 
wide. Conidiophores colorless, erect, commonly 425 to 550 /a high, 
4.5 to 6.5 /A wide at the base, tapering upward very gradually to a 
distal width of 2.5 to 3 /a, ultimately becoming divided by 3 to 10 
cross-walls, at the apex sometimes widening slightly to a diameter 
of 3 to 4.5 and bearing there a single conidium. Conidia color¬ 
less, elongate elliptical or broadly finger-shaped or sometimes 
slightly clavate, straight or slightly curved, somewhat rounded 
truncate at the narrowed base, broadly rounded at the tip, commonly 
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34 to 56.5 IX long and 12.5 to 16.5 wide, divided by 1 to 3 cross- 
walls into 2 to 4 cells whereof one exceeds the other or others in 
size, the larger cell (in uniseptate spores usually the distal cell, in 
pluriseptate spores usually either the apical or the penultimate cell) 
commonly 21 to 38/* long, the smaller cells commonly 3 to 15/x 
long. 

Capturing and consuming different nematodes, especially nema¬ 
todes of slender body shape, it occurs in leaf mold in Yellowstone 
National Park, Wyoming. 

A DACTYLEr.LA PRODUCING LONG-STALKED CONSTRICTING RINGS 
AND QUADRISEPTATE CONIDI A 

Six years ago a nematode-strangling fungus resembling Dactylclla 
bcmbicodes in the general appearance of its tall conidiophores and 
solitary conidia was found developing meagerly in a maizemeal-.:gar 
plate culture which after being overgrown with mycelium of my 
Pythium sal ping ophorum had been further planted with a small 
quantity of leaf mold gathered in a deciduous wood near Fairfax, 
Virginia, on November 10, 1942. The fungus arrested attention 
because its conidia, though of broadly fusiform shape much like 
those of D. bcmbicodes, were nearly always divided by four rather 
than by three cross-walls (fig. 3, /). As Dactylclla coelohrocha 
had not then been discovered the quadriseptate condition was quite 
alien to the conidia of any nematode-strangling hyphomycete known 
at the time. It was noted, moreover, that the stalks bearing the 
constricting rings were in general a little longer than in D. bembi- 
codes. To determine whether the observed differences came about 
as variations of D. bcmbicodes or derived from a separate species, 
attempts were made to isolate the fungus by removing its conidia 
to a sterile agar medium. These attempts failed owing to the un¬ 
fortunate circumstance that the rather small number of conidio- 
])hores available were closely intermingled with taller sj^orangio- 
phores of a species of Mucor. Every lot of conidia removed was 
in some measure mixed with small spores of the Mucor. In all 
cultures planted with the mixture, the rapidly growing Mucor 
quickly overwhelmed the hyphomycete. 

Early in 1948 the same fungus developed abundantly in more than 
a dozen maizemeal-agar plate cultures which, after being perme- 
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ated with mycelium of Pythium debaryannm Hesse, had been fur¬ 
ther ])lanted with small quantities of leaf mold kindly gathered by 
Dr. E. B. Toole in woods consisting mainly of pine (Pinus) and oak 
(Quercus) trees near Greensboro, North Carolina, on December 
29, 1947. From the lofty conidiophores sent up in scattered posi¬ 
tions over extensive tracts of substratum in these cultures, conidia 
of the fungus were readily transferred to sterile agar without ad¬ 
mixture of iiny alien organism. Ample opportunity was thus pro¬ 
vided for comparing the fungus, in pure as well as in nematode- 
infested cultures, with all known hyphomycetes of similar preda¬ 
cious habit, apart from Tricliotheciiim polybrochitm, which has not 
])een seen again since it was first encountered in 1933. The fungus 
from North Carolina was soon revealed as differing decisively from 
Dactylclla bcmhicodes and Dactylella coelobrocha. Through its 
disclosure as a separate species the number of distinct mucedinous 
forms known to utilize constricting rings in their capture of eel- 
worms is increased to nine. 

When sizalde portions are cut from pure cultures of the new 
Hacfylella and placed on nematode-infested agar in Petri dishes, 
mycelial filaments grow out somewhat sj)aringly in all directions 
from the transferred material into the surrounding medium. While 
the mycelium developed by the fungus in pure culture on inaizemeal 
agar is regularly free of predacious organs, the hyphae extended 
into nematode-infested agar promptly give rise to constricting 
rings at somewhat variable intervals. These rings, much as in al¬ 
lied s]:)ecies, are commonly formed in jdanes perj)endicular or nearly 
per])endicular to the mycelial filament bearing them fFio. 4, A; B, 
a. FIG. 5, A). Some of them, on being jostled vigorously by ro¬ 
bust eel worms, arc turned sideways in noticeable measure (fig. 4, 
B, I): C, a, b; D; E. fig. 5, B), and a few are turned flatwise (fig. 
4, E-H; /, a, b. fig. 5, C-H) so that their cellular make-up is 
conveniently exposed to view. On several occasions it was possible 
to observe progressive steps in the development of predacious rings 
oriented flatwise in slabs of nematode-infested agar mounted on a 
microscope slide under a cover glass. The developing organ in 
each instance first became recognizable as a circinately curved 
lateral branch delimited by a basal septum from the frequently 
somewhat narrower parent hypha (fig. 5, I, a), and filled with 
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protoplasm of nearly homogeneous consistency. Two cross-walls 
soon appeared in the proximal portion of the branch to delimit the 
two segments destined to make up the stalk. As the tip of the 
recurving branch approached the farther septum a spur grew out 
from the distal end of the second stalk cell to meet it (fig. S, I, h). 
The spur often attained a length of 3 or 4 /x before its tip encountered 
the tip of the branch (fig. 5, 1, c). At about the same time another 
cross-wall was formed to delimit the proximal arcuate segment of 
the ring that came into being as the juxtaposed tips fused broadly 
(fig. 5, I, d). Later a second connection was CvStablished through 
hyphal fusion l)etween the basal end of the proximal arcuate seg¬ 
ment and the portion of the ring that had originated as a lateral 
spur The continuity of both anastomosing connections eventually 
was modified through the formation of a cross-wall in each; one of 
the cross-walls l)eing laid down in a position corresponding to the 
base of the lateral spur, whereas the other was laid down midway in 
the second connection. With the deposition meanwhile of another 
cross-wall midway between the distal end of the first arcuate seg¬ 
ment and the septum formed at what had been the l^asc of the lateral 
spur, the second and third arcuate segments were, delimited from 
one another, thereby completing the cell divisions required in put¬ 
ting forth a constricting ring of usual structure (fig. 5, J, e). 

Departure from the usual cellular structure is observable now 
and then in instances where the stalk consists of three (fig. 4, B, 
h ; fk;. 5, 7) rather than two cells. These three-celled stalks com¬ 
monly exceed in length the arcuate segments of the rings supported 
by them, whereas the bicellular stalks are most often a little 
shorter than the associated arcuate segments. However, even the 
bicellular stalks must be considered relatively long in comparison 
with those of most allied species, being about equal in length to the 
rangy stalks of Dactylella doedycoides and Dactylella heterospora. 
The arcuate cells in the present fungus lack the median bulge whereby 
the aperture of the rings in Dactylella doedycoides and Dactylella 
heterospora is given a scalloped outline suggestive of trefoil orna¬ 
mentation. They taper toward their delimiting septa in about the 
same measure as the homologous cells of all other known nematode- 
strangling forms apart from Dactylella coelobrocha. Apparently 
the arcuate cells acquire their definitive shape together with their 
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contractile power during their later stages of development. Dur¬ 
ing these later stages (fig. 5, /, d, e) they increase perceptibly in 
length as the ring enlarges, while their thickness near the septa 
increases in about the same proportion. In their median region, 
however, they undergo more pronounced widening, so that their 
width here often comes to be twice that of the stalk cells with which 
they had formed earlier a branch of fairly uniform diameter. 
Distinctive changes take place also in their internal structure. Ar¬ 
cuate cells capable of contraction show along the inner side border¬ 
ing the ring aperture a rather thin layer of protoplasmic material 
having a characteristic dense appearance. Material of similarly 
dense consistency is likewise present in a layer of more variable 
thickness along the outer side. Between the two dense layers is an 
irregular elongated region filled with rather faintly visible globules 
which collectively offer a somewhat foamy appearance when die ring 
is viewed flatwise. When the ring is viewed edgewise in its nor¬ 
mal perpendicular posture the arcuate cells appear as if they were 
marked by a series of curved transverse striations (fk;. 4 , A ). 
l^resumably the globuliferous core here.corresponds to the elongated 
vacuole or vacuole-like part displayed by the arcuate cells of 
Dactylella coelobrocha. 

In nematode-infested cultures predacious organs may be found 
here and there that have closed emptily (fig. 4, /), thus showing 
conveniently the pronounced contraction undergone by the three 
component cells in changing from an arcuate to an orbicular shajie. 
Ordinarily, of course, closure of the organ results in the capture of 
a nematode; the animal being gripped most often at its anterior end 
(fig. 4, K; L; fig. 5, K-M), though occasionally it is held by the 
tail end (fig. 5, N). All three swollen cells of the closed ring are 
indented broadly and deeply into the yielding body of the eelworni. 
After the captive’s struggles have become feebler, presumably from 
exhaustion, its integument is narrowly perforated in two or three 
places by slender protuberances from the swollen cells. Each 
protuberance, on reaching the fleshy interior, widens markedly 
(fig. S, K) to become recognizable as an assimilative hypha (fig. 
4, K). The several assimilative hyphae elongate until the animal’s 
body is invaded from head to tail (fig. 4, L; fig. 5, L, N), Dur¬ 
ing their period of active growth the assimilative hyphae show only 



Drechsler: Dactylella and Dactylaria 


17 


rather scanty septation, but since they continue to form cross-walls 
for some time after growth ceases, they eventually are divided into 
segments mostly 10 to 50 /a long. In some instances the main as¬ 
similative filaments bear a moderate numljer of branches and spurs 
(fig. 5, M), but in other instances, again, l)ranching is infrequent 
(fig. 4, L; FIG. 5, N), or even wholly absent (fig. 5, L). Hyphal 
fusions between assimilative hyphal elements are to be found oc¬ 
casionally (fig. 5, M). Although now and then an assimilative 
hypha terminates in a noticeably expanded cell (fk;. 4, L), this sort 
of modification would seem hardly frequent enough to be regarded 
as a characteristic feature of the species. 

The assimilative hyphae in their progressive invasion of a cap¬ 
tured eel worm liring about globulose degeneration of its tieshy 
substance, and thereby are badly obscured from view, especially if 
the animal’s body is relatively stout. After the globulose materials 
have been largely absorbed by them, the hyphae become more 
clearly visible. On further depletion of the animal’s substance, 
vacuoles make their appearance in the hyphal segments (fig. 4, L; 
FIG. 5, A^). With continued enlargement of these vacuoles, the 
protoplasmic contents of the assimilative hyphae are steadily with¬ 
drawn backward into the mycelial filament bearing the predacious 
organ, until ultimately the hyphal envelopes, like the collapsing 
integument surrounding them, are left entirely empty. The trans¬ 
fer of hyphal contents backward into the mycelial filament is some¬ 
times accom])lished by way of the stalk on which the constricting 
ring was produced (fk;. 4, L). Often, however, the original .stalk 
degenerates (fk;. 5, M, a; N, a), very probably as the result of in¬ 
jury sustained from the violent struggles of the captured eelworni. 
Where such degeneration occurs a new hyphal element is produced 
to provide a passageway for the backward movement of fungus pro¬ 
toplasm. Usually the new hyphal element (fig. 5, M, connects 
the mycelial filament with one or another of the three swollen cells. 
Somewhat rarely, where the swollen cells have all suffered some 
injury, the new connection may be established directly between the 
mycelial filament and the proximal hyphal cell within the animal 
(fig. 5, N, b). In its ready development of new hyphal connec¬ 
tions the fungus shows obvious similarity to Dactylella doedycoides 
and Dactylella heterospora, which, as has been noted, likewise bear 
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their predacious rings on relatively long stalks easily injured by 
violent struggles of captured eelworms. 

The scattered erect conidiophores sent up by the fungus from hy- 
phae prostrate on nematode-infested substrata resemble those of 
Dactylella hemhicodes in their stature and gradual upward taper¬ 
ing (fi(]. 4, M, a; N, a). As a rule they give rise terminally to a 
single conidium (fig. 4, M, h; N, h), but now and then a conidio- 
phore (fig. 5, O, a) will put forth a lateral branch (fig. 5, O, h) 
some distance below the tip, and thus is enabled to form two conidia 
(fig. 5, (}, c, d). Although on the whole the conidia here are 
somewhat longer and wider than those of Dactylella hemhicodes, and 
in general aj^pear to have their greatest width rather more ac¬ 
curately midway between base and apex, the differences in size and 
shajjc they present in compari.son with the widely distributed con¬ 
stricting s];ecies made known earlier are not very pronounced. In 
some instances they contain three cross-walls, which often delimit 
a small apical cell, a large ventricose penultimate cell, a small para- 
])asal cell, and a small basal cell (fig. 4, 0, a-c; fig. 5, P, a-c), 
thus bringing about the usual cellular arrangement found in spores 
of Dactylella hemhicodes. Often again, however, in triseptate 
conidia it is the parabasal cell that is large and ventricose, while 
the penultimate cell, as also the apical and basal cells, will be rela¬ 
tively small (fig. 4, O, d). Although triseptate conidia are formed 
rather abundantly in pure culture on maizenieal agar, by far the 
greater number of conidia produced by the fungus in nematode- 
infested cultures are symmetrically quadriseptate (fig. 4, O, e-::; 
fk;. 5, P, d-w) ; a massive ventricose cell with a large vacuole be¬ 
ing tound in median position between two smaller proximal (basal 
and parabasal) cells below and two smaller distal (penultimate 
and apical) cells above. As conidia with more than four cross¬ 
walls arc virtually unknown here, the quadriseptate condition may 
safely be regarded as being definitive in mature spores, whereas the 
positions of the cross-walls in many triseptate specimens taken 
from actively sporulating nematode-infested cultures give ample 
reason for suspecting that had no disturbance intervened a fourth 
transverse partition would have been formed. Accordingly the 
data on conidial dimensions given in the diagnosis were derived, 
much as in the case of Dactylella coelohrocha, mainly from quadri- 
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septate specimens taken at random in mounts prepared from abun¬ 
dantly sporulating nematode-infested agar plate cultures. One 
hundred measurements for length, expressed in the nearest integral 
number of microns, showed a distribution as follows: 41 /4, 1; 42 fi, 
2:43/4, 1:44/4, 15:45/4, 13:46/4, 21:47/4, 17:48/4, 11:49/4,6: 
50/4, 3: 51 /4, 6: 52 /4, 2: 54/4, 1; 55/4, 1. The measurements for 
greatest width, relating to the same 100 conidia, w^ere distributed 
thus: 17/4, 1 ; 18/4, 1; 19/4, 7: 20/4, 7: 21 /4, 21: 22/4, 22: 23/4, 25: 
24 /4, 12: 25 /4, 3: 26 /4, 1: while the median cells of the 100 speci¬ 
mens gave values for length as follows: 23/4, 2; 24/4, 1; 25/4, 7: 
26/4,20:27/4,25:28/4,23:29/4, 14:30/4,6:31 /4, 1:34/4, 1. Al¬ 
though the conidia here arc substantially shorter than those of 
DactyleJla coelohrocha, the two species show rather little difference 
with respect to the lengths of the parabasal, median, and penulti¬ 
mate cells. Manifestly the conidia of Dactylella coclobro. ha owe 
their greater length, as also their markedly diflPcrent appearance, 
to their characteristically protracted basal and apical cells, which 
are conspicuously longer than the concomitant parabasal nnd 
penultimate cells, respectively. Often the conidia of the present 
fungus, while still borne aloft on the conidiophores, will put forth 
a slender aerial hypha, usually from the small ]:)arabasal cell (fig. 
4, Q), but sometimes also from the small ])enultimate cell (fig. 

4, 7?). In general thc.se aerial hyphae resemble the slender out¬ 
growths extended by the conidia of Dactylella coelohrocha, but 
are perhaps somewhat less rigid. As in related species they seem 
to be produced more profusely under warm than under cool condi¬ 
tions. When mature conidia fall on a moist substratum or are 
shallowly immersed in water, they germinate in commonplace 
manner by putting forth a germ hypha from the small apical cell 
and from the small ba.sal cell (fig. 4, S, 7'). 

In recalling the globuliferous core of its contractile arcuate cells 
a term compounded of two words meaning “foam” and “noose,” 
respectively, may serve as a suitable specific epithet for the fungus. 

Dactylella aphrobrocha sp. nov. 

Mycelium sparsum: hyphis hyalinis, septatis, plerumque 1.7-3.7/* crassis, 
hie illic ex ramulis bilocularibus (raro trilocularibus) vulgo 11-28/* longis 
et 2.4-4.7 A* crassis laqueos circulares 20-38 /* latos proferentibus qui in 3 
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cellulis arcuatis consistunt et foramen rotundum vel rotundo-triangulum 12- 
27 latum circumdant; cellulis arcuatis 15-37 longis, medio 4-8.6 crassis, 
extremo 2.4-47 crassis, denso corum protoplasmate circum lacunam cen- 
tralem elongatam globuliferam disposito; vcrmiculo nematoideo in laqueum 
apertum introito omnibus tribus cellulis abrupte se contr ahentibus, animal 
magnopere comprimentibus, id ita necantibus, integumentuin ejus perforanti- 
bus, hyphas intus evolventibus quae carnem exhauriunt; hyphis assumentibus 
mox mediocriter septatis, saepius plus minusve ramosis, maximam partem 
2-5 M crassis sed interdum in cellulis usque 7 m crassis abeuntibus, quandoque 
inter se conjunctis. Hyphae fertiles incoloratae, erectae, saepe 450-525/* 
altae, basi 6-7 /* crassae, sursum lenitcr attenuatae, ai)ice circa 2 /* crassae, 
ibi unum conidium ferentes, quandoque ramo brevi subter apicem praeditae 
deniquc aliud conidium gignentes; conidiis incoloratis, pleruniquc late fusi- 
forniibus, 2-4 septatis, saepissime quadriscptatis, turn plcrumque ex toto 
41-55/* (saepius circa 46.7/*) longis et 17-26/* (saepius circa 21.9/*) cras.sis, 
cellula infima 4.2-9.1/* (saepius circa 6.2/*) longa, cellula secunda 3.2-7.6/* 
(sa< |nus circa 5 /*) longa, cellula media 22.8-34/* (saepius circa 27.3 /*) longa, 
cellula paenultima 2.6-6.5/* (saepius circa 4.1 /*) longa, cellula summa 1.8-6/* 
(saepius circa 4.1/*) longa; cellula secunda interdum etiam rarius cellula 
Ijaeiiultima appendicem filiformeni ad pares angulos emittente, appendice 
incolorata, recta vel eurvata, continua vel 1-2 septata, 40-300/* longa, basi 
1.8-2.5/* crassa, sursum attenuata, apice circa 0.8/* crassa. 

Vermiculos nematoideos varios capicns consumensque habitat in humo 
silvestri prope Greenslxiro, North Carolina. 

Mycelium scanty, spreading; vegetative hyphae colorless, sep¬ 
tate, mostly 1.7 to 3.7 fi wide, often, especially in presence of nema¬ 
todes, giving rise on curving stalks to circular rings in usually per- 
Ijendicular positions; the stalks, commonly 11 to 28 /* long and 2.4 
to 4.7 /X wide, consisting usually of two cells hut occasionally com¬ 
posed of three cells; the rings, commonly 20 to 38 /x in outside 
diameter and surrounding a circular or rounded triangular aperture 
12 to 27/X wide, being consistently composed of three arcuate seg¬ 
ments ; the arcuate cells usually 1 5 to 37 /x long, 4 to 8.6 /x wide in 
the middle and 2.4 to 4.7 /x wide at the ends, containing dense homo¬ 
geneous protoplasm in a parietal layer surrounding a central elon¬ 
gated lacuna filled with numerous globules—the first and third of 
the cells being united to one another as well as to the distal end of 
the stalk, and all the cells lacking a median protrusion on the inner 
side; on entrance of a nematode into the aperture the arcuate cells 
contracting abruptly, all three indenting the animal broadly and 
deeply, thereby strongly constricting it and soon disabling it, then 
perforating its integument to extend lengthwise through its body 
assimilative hyphae that appropriate the fleshy contents; the as¬ 
similative hyphae for the most part 2 to 5/x wide but sometimes 
terminating in cells up to 7 /x in width. Conidiophores colorless, 
erect, often 450 to 525 /x high, 6 to 7 /x wide at the base, tapering 
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gradually upward, about 2 /a wide at the tip, there bearing a single 
conidiuni, and sometimes bearing another conidium on a short 
branch given off a little below the tip. Conidia colorless, usually 
broadly spindle-shaped, sometimes 2- or 3-septate, but most often 
divided by four cross-walls in such wise that the middle cell is 
much larger than the others—then mostly 41 to 55 /a (average 
46.7 /a) long and 17 to 26 /a (average 21.9 /a) wide, with the basal 
cell measuring often 4.2 to 9.1 /a (average 6.2 /a) in length, the para¬ 
basal cell 3.2 to 7.6 /A (average 5 /a), the median cell 22.8 to 34 /a 
(average 27.3 ^i), the penultimate cell 2.6 to 6.5 /x (average 4.1 /a), 
and the apical cell 1.8 to 6 /a (average 4.1 /a) ; the small parabasal 
cell, and occasionally also the small penultimate cell, under some 
conditions putting forth at a right angle with the spore axis an 
aerial hyphal appendage; the appendage being colorless, straight or 
flexuous, 40 to 300 /a long, 1.8 to 2.5 /a wide at the base, tapering 
gradually to a width of 0.8 /a at the tip, continuous or divided in the 
broader proximal portion by one or two cross-walls. 

Capturing eelworms of different species it occurs in leaf mold in 
woods near Greensboro, North Carolina. 

A DACTYLELLA WITH ADHESIVE COLUMNAR OUTGROWTHS THAT 
SOMETIMES UNITE TO FORM IRREGULAR MESHES 

In some maizemeal-agar plate cultures which after having been 
overgrown with Pythimn mycelium had been further planted wdth 
leaf mold collected in deciduous woods near Butternut, Wisconsin, 
in September 1938, there appeared among various other nematode¬ 
capturing hyphoinycetes a Dactylella that in a general way re¬ 
sembled D. gephyropaga, yet with respect to several phases of 
morphology differed rather markedly from that species. Its my¬ 
celial hyphae bore columnar outgrowths that not infrequently were 
composed of three or more cells (fig. 3, J, a, b), though most often 
they consisted of one or two cells (fig. 3, K, a, b; L, a). These 
outgrowths, like those of D. gephyropaga, were operative in cap¬ 
turing eelworms through adhesion (fig. 3, K, c; L, h-d), the cap¬ 
tives soon being disabled from intrusion of globose infective bodies 
and then undergoing invasion by assimilative hyphae. The fungus, 
produced conidia which usually contained three (fig. 3, M-0).or 
four (fig. P, Q) cross-walls, but were noticeably longer than the 
triseptate and quadriseptate conidia characteristic of D, gephyro¬ 
paga. After falling on a moist substratum the conidia often ger- 
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niinatecl in a commonplace manner by putting forth a germ hypha 
from each end (fig. 3, R). 

The same fungus came to light again a few years later in maize- 
meal-agar plate cultures which after being overgrown with Pythium 
irregiilare Buism. had been further planted through addition of 
small quantities of leaf mold gathered on October 2, 1941, near 
Presque Isle, Maine, in woods consisting largely of poplar {PopuUis 
sp.) and beech (Fagns grandifolia Ehrh.) trees. More recently it 
reappeared in more than a dozen maizemeal-agar j)late cultures 
which after l)eing permeated with Pythium mycelium had been 
planted with small quantities of wheat {Triticiim acsfivitm L.) 
straw kindly collected by Dr. W. J. Zaumeyer near lleimiston, 
Oirgon, on August 20, 1947. In these later cultures the distinc¬ 
tive characteristics of the fungus were brought more clearly into 
relief through the circumstance that nearly at the same time wholly 
typical material of Dactylella gephyropaga was found developing 
ahunclantly in nematode-infested agar ])late cultures ])lanted with 
leaf mold collected near Greensboro, North Carolina, and near 
Farmer, North Carolina, late in December, 1947. On transferring 
conidia asei)tically from erect sporophores to tubes of sterile maize- 
meal agar the Oregon hyphomycete was obtained in ])ure culture. 
Comparison with pure cultures of D. gephyropaga originating from 
the two aforementioned localities in North Carolina as well as from 
several localities in Maryland and Virginia revealed it as a separate 
s])ecics of the same genus. Since the new Dactylella here in ques¬ 
tion has so far been obtained only from northern localities, and has 
never been recognized in the numerous cultures which in the course 
of 15 years were prepared with decaying detritus from many differ¬ 
ent places near Washington, D. C., there is reason to suspect that 
it may he distributed in colder regions than D. gephyropaga. 

In the laboratory, certainly, the new fungus shows adaptation to 
lower temperatures than Dactylella gephyropaga. When portions 
of agar newly permeated with its myceliui.^ are excised from pure 
cultures and placed on netnatode-infested substratum kept at tem¬ 
peratures between 25® and 30° C., scarcely any hyphae are ex¬ 
tended from the transferred mycelium, and virtually no eelw^orms 
will be captured, though within this temperature range under like 
conditions D. gephyropaga promptly sends out myceliaL hyphae in 
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all directions, and on them produces columnar outgrowths and 
scalariform networks that operate with spectacular efficiency in 
the capture of nematodes. When similar preparations are kept 
at temperatures between 15'' and 18" C., however, the two fungi 
show reversed capacity for predacious activity; the new species 
soon extending many mycelial filaments well beset with columnar 
outgrowths effective in capturing eelworms, whereas D. gephyro- 
paga will remain almost wholly inactive. Owing to its different 
tem})erature adaptations and its departures in mor]diology the new 
Dactylclla compares with D, gephyropaga in much the same way 
as my Dactylaria psychrophila ( 16 : 154—163) compares with the 
apparently more widespread retiary hyphoniycete T described ear¬ 
lier under the binomial Dactylaria thaumasia (12 : 518-523). 

Unlike Dactylclla gephyropaga, the Oregon strain of the new 
Dactylclla (fig. 6; fig. 7), as also the strains from northern Wis¬ 
consin and northern Maine, often gives rise to predacious organs 
al)oiit as freely when growing undisturbed in pure culture on maize- 
meal agar ( fig. 6, A-F; fig. 7, A-C) as when developing on nema¬ 
tode-infested substratum. In either type of culture some of the 
predacious organs consist individually of a short, stout, dome¬ 
shaped or columnar unicellular outgrowth filled uniformly with 
dense protoplasm of finely granular texture (fig. 6, A; B; C, a; E, 

а, FIG. 7, B, rt)- The columnar outgrowths of somewhat greater 
length are commonly pluricellular, consisting of two (fig. 6, C, b, 
c : E, b. FIG. 7, A, a; B , b; D, a), three (fig. 7, A, /?), four (fig. 

б, D, a; E, c-e) , or more (fig. 6, F) cells. Here and there two bi- 
cellular outgrowths may be found united distally by a unicellular 
bridging segment (fig. 6, C, d) to form a rectangular mesh similar 
in shape and cellular make-up to the meshes of Dactylclla gephyro¬ 
paga. In addition, meshes of rectangular shape occur that show 
only little departure from the design characteristic of D. gephyro¬ 
paga in having the columnar outgrowths united distally by a two- 
celled (fig. 7, /?, r) rather than by a one-celled bridging connection. 
On the whole, however, union between columnar outgrowths is 
much less frequent than in D. gephyropaga, and takes place in a more 
haphazard manner so that for the most part meshes are formed 
singly in promiscuously scattered positions, with comparatively 
little uniformity of size, shape, or cellular composition (fig. 6, D, b , 
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c; E, f. FIG. 7, C). The arrangement of numerous meshes into 
extended scalariform networks, so freciuent in D. gcphyropaga, is 
not characteristic of the present fungus. 

Since the new species forms closed meshes in lesser number than 
Dactylella gcphyropacja, its capture of nematodes is accomplished 
almost wholly through adhesion. Very frequently only a single 
outgrowth is operative in holding an eelworm (fig. 6, G-I; fk;. 7, 
R-H), though often, again, two or more outgrowths (fig. 6, a, b; 
K, a, b. FIG. 7, D, b, c) are found participating. No coating of 
adhesive material is to be seen on the undisturbed outgrowth, but 
after a struggling animal has been held fast for some time a sizable 
cushion of colorless glutinous substance often becomes visible, es¬ 
pecially in instances where the contact between fungus and eelworm 
is conveniently presented in profile view (fig. 6, K, b: fig. 7, E). 
Soon after capture is effected the animars integument is narrowly 
perforated by one or more slender protrusions put forth by the 
fungus. Where pluricellular outgrowths are operative a ])rotru- 
sion may be extended from any or all of the component segments. 
Thus in the case of bicellular outgrowths, sometimes the distal seg¬ 
ment (fig. 6, /; K, b. fig. 7, I), c; E) and sometimes the proxi¬ 
mal segment (fig. 6, J, a, b; fig. 7, F, G) is directly active in 
penetrating into the captive; while with three-celled outgrowths 
penetration may take place from the median segment (fig. 6, //), 
from the basal and apical segments (fig. 7, II ), or from all segments 
(fig. 6, G). Once the integument is penetrated the narrow ])ro- 
trusion gives rise within the fleshy interior to a globose infective 
body (fig. 6, G) that continues to enlarge until it occupies the 
entire width of the animal and in some instances may even distend 
the integument noticeably (fig. 6, K, b; fig. 7, G). The globo.se 
infective body, as in many other nematode-capturing hyphomycetes, 
disables the animal, and thereupon puts forth assimilative hyphae 
(fig. 6, H, I: fig. 7, E, //) which invade the helpless captive 
lengthwise (fig. 6, F) until it is occupied from head to tail (fig. 6, 
/, K; fk;. 7, D). Where the captured eelworm is very slender, 
like the eelworms that abundantly infested the plate cultures planted 
with the Oregon wheat straw (fig. 6, G-K; fig. 7, D, F-H), only 
a single assimilative hypha may be developed in most portions of 
the fleshy body, though stouter animals usually become permeated 
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by assimilative hyphae in numbers from two to six. Assimilative 
filaments of separate origin, and in stout eelworms assimilative hy¬ 
phae arising from the same infective body, often become united 
distally through vegetative fusion (fig. 6, K, c). After they have 
largely absorbed the globulose degenerating contents of the nema¬ 
tode, the assimilative hyphae show an increasingly vacuolate con¬ 
dition (fk;. 7y D). Ultimately as the animal becomes wholly de- 
j)leted of digestible material the assimilative hyphae, through 
continued withdrawal of protoplasm backward into the external 
mycelium, are emptied of all living contents, and their membranous 
envelopes, together with the collapsing integument of the eelworm, 
gradually vanish from sight. 

The fungus sporulates readily both in pure culture and on nema¬ 
tode-infested substratum. Its erect conidiophores (fjg. 6, L ~ N ; 
FIG. 7, /) commonly vary from 170 to 300 /i in height, and thus seem 
generally shorter than those of Dactylclla gcphyropaga, as well as 
of most other similarly robust nematode-capturing hyphomycetes. 
Often a conidiophorc (fig. 7, /, a) after forming one conidium 
terminally (fig. 7, J, b) will resume growth to produce a second 
conidium (fig. 7, J, r) on a new tip farther upward; the first 
conidium being thereby pushed sideways and then presenting much 
the appearance of having been formed laterally. Occasionally 
growth is resumed once again, with ensuing develo]:)mcnt of a third 
conidium above the second, which in the meantime has like the first 
been brought into a lateral position. 

The conidia thus formed, while of about the same width as those 
of Dactylclla gephyropaga, are of noticeably greater length, and 
consequently have a somewhat more elongated shape together with 
greater volume. At the distal end they usually are broadly 
rounded, whereas proximally they taper toward a bluntly truncate 
base; so that they show various intergradations from a broadly 
fusiform to a clavate shape. In their septation they vary more than 
the conidia of D. gephyropaga, or of D, aphrohrocha and D. hembi- 
codes among related constricting species. Many of the smaller, 
usually clavate specimens contain only two cross-walls (fig. 6, O, a; 
FIG. 7, K, a). Among well developed conidia individuals with 
three (fig. 6, O, fig. 7, K, b-i) or four (fig. 6, O, g-n; fig. 7, 
K, j-t) cross-walls predominate, though not infrequently a five- 
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septate condition (fig. 6, O, o, p; fig. 7, K, u-w), virtually un¬ 
known in D. gcphyropoga, as also in D. uphrobrochd, and even a six- 
septate condition (fig. 6, O, q) is encountered here. In quadri- 
septate specimens the cross-walls most commonly are placed in 
symmetrical arrangement (fig. 6. O, g, j, k, 1; fig. 7, K, j-r) with 
a large cell occupying a median position between two smaller dis¬ 
tal (apical and penultimate) cells and two smaller ])roximal (basal 
and paraiiasal) cells, yet rather often they occur in unsymmetrical 
arrangements with the large cell placed in penultimate (fig. 6, O, 
h, i: FIG. 7, K, s, t) or in terminal (fig. 6, O, n) position. 
The large cell of mature conidia contains usually a big conspicuous 
vacuole, while one or two of the remaining cells reveal commonly a 
globose mass that seems to be composed of densely conglomerated 
coarse granules. In some conidia where the large cell apparently 
begins to undergo division after its big vacuole has been formed, the 
belated cross-wall is laid down only within the parietal protoplasmic 
layer, leaving a large opening through which the vacuole extends 
from one daughter cell to the other (fig. 6, 0, r, m). Here and 
there a septum may be found that does not extend entirely across 
the conidium, but cuts off merely a small wedge-like portion from 
the proximal or the distal end of one of the larger cells (fig. 6, 
O. q,) 

Instead of germinating in commonplace manner by emission of a 
germ hypha from each end, many conidia after falling on a moist 
substratum give rise directly to adhesive outgrowths. Most fre¬ 
quently these outgrowths arc put forth from one or from both of 
the end cells (fig. 6, P, a: Q, a, h; R, a, b; S, a, c; T, a. fig. 7, 
L, a; M, a; N, a-c), though sometimes they are found arising from 
intermediate cells (fig. 6, .S', h). Often, again, a conidium gives 
rise to one or more adhesive outgrowths (fig. 6, S, d, e; T, b, c. 
FIG. 7, M, b) on a stout germ hypha. Such germ hyphae, which in 
themselves seem to lack adhesiveness, consist as a rule of only a few 
rather short segments, yet occasionally they may attain a length in 
excess of 100/i. (fig. 6, T). While the adhesive outgrowths pro¬ 
duced by detached conidia, like those arising from mycelial hyphae, 
commonly consist of one or two cells, in more than a few instances 
they are composed of three or four segments (fig. 7, N, c). 
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In view of the fre(|uently columnar shape of the predacious out¬ 
growths a term compounded of two words meaning '‘pillar” and 
“trap,” respectively, is proposed as specific epithet for the fungus. 

Dactylella cionopaga sp. nov. 

Mycelium sparsuni; Iiyphis incoloratis, ramosis, mediocritcr septatis, ple- 
rumque 2-5 crassis, hie illic prominentia glutinosa ferentibus; prominentibus 
glutinosis quandoque luberiformibus sed saepius columnaribus, simplicibus vel 
parce ramosis, plerumque 10-90 m longis, 5.5-10.5crassis, in 1-7 (saepius 
in 1 vcl 2) cellulis protoplasmate dense granuloso farctis consisteiitibus, ad 
septa leviter constrictis, quandoque inter se inordinatim conjunctis, rarius in 
laqueos quadrilateros vel seniicirculos connexis—his prominentibus laqueisque 
vermiculos neniatoideos errantes tenentibus, deinde turn integumentum ani- 
malis captivi perforantibus, tuber mortiferum intrudentibus, hyphas assu- 
mentes evolventibus quae carnem exhauriunt; hyphis assunientibus plerumque 
2-5 At crassis, mcdiocriter septatis. Hyphae fertiles incoloratae, erectae, vulgo 
simplices, 2-11 septatae, plerumque 170-300 m altae, basi 5-7 M crassae, sur- 
sum lenitcr attenuatae, apice saepe circa 3 m crassae, ibi unum conidium 
ferentes, interdum recrescentes et 1 vel 2 alia conidia gignentes; conidiis 
incoloratis, plerumque late fusiformibus vel aliquid clavatis, apice late rotun- 
datis, basi truncatis, vulgo 35-60 At longis, 13-21 At latis, 2-6 septatis pleruiiKiue 
triseptatis et quadriseptatis, post disjunctionem prominentia glutinosa prae- 
cipue ex apice et ex basi atque ex hypha germinationis brevi saepe emittentibus. 

Vermiculos nematoideos diversos capiens consumensque habitat in stramento 
Tritici aestivi putrescenti prope Hermiston, Oregon, atque in humo silvestri 
prope Butternut, Wisconsin, et prope Presque Isle, Maine. 

Mycelium scanty, spreading; vegetative hyphae colorless, sep¬ 
tate, mostly 2 to 5 fi wide, here and there giving rise to adhesive 
outgrowths; adhesive outgrowths sometimes tiiberiform but more 
often columnar, simple or branched, mostly 10 to 90 fi long, 5.5 to 
10.5 Ai wide, composed of 1 to 7 (usually of 1 or 2) cells densely 
filled with finely granular protoplasm, noticeably constricted at the 
septa, sometimes becoming fused with one another and thereby 
forming meshes which occasionally are rectangular or semicircular 
but more usually are of irregular shape—these outgrowths and 
meshes capturing nematodes through adhesion, later narrowly 
perforating the integument of each captured animal, then intruding 
a globose infective body and extending assimilative hyphae length¬ 
wise through the interior to appropriate the fleshy contents; the as¬ 
similative hyphae 2 to 5 /a wide, septate at moderate intervals. 
Conidiophores colorless, erect, commonly unbranched, eventually 
divided by 2 to 11 cross-walls, mostly 170 to 3(X) fx high, 5 to 7 /u, 
wide at the base, gradually tapering upward, about 3 fx wide at the 
tip, there producing a single conidium, though sometimes after re¬ 
peated elongation forming one or two additional conidia. Conidia 
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colorless, mostly broadly spindle-shaped or somewhat clavate, 
broadly rounded at the distal end but at the narrower proximal end 
tapering toward the bluntly truncate base, commonly 35 to 60 ft 
long, 13 to 21/4 wide, containing 2 to 6 cross-walls though most 
usually trisej^tate or quadriseptate, often germinating by putting 
forth adhesive outgrowths especially from the basal and apical seg¬ 
ments, though sometimes from an intermediate segment or from a 
short non-adhesive germ hypha. 

Capturing and consuming different species of nematodes it oc¬ 
curs in decaying culms of Triticuni aestivum near Hermiston, Ore¬ 
gon, and also in leaf mold from deciduous woods near Butternut, 
Wisconsin, and near Presque Isle, Maine. 

a RETIARY DACTYLARIA PR0DUCIN(; trisept ate CONIDIA ERE- 
QlJENTLY OF UNUSUAL WIDTH 

Agar plate cultures ])repared, as opportunity offered, with small 
quantities of decaying material found on plant specimens received 
from Florida and Louisiana during the last 15 years have brought 
to light many of the nematode-capturing fungi that occur every¬ 
where in the region surrounding Washington, D. C. In addition to 
Arthrobotrys oligospora, A, conoides, and A. musifonnis Drechsler 
(12: 477-482) among the hy])homycctes employing adhesive net¬ 
works for capturing eelworms, these plate cultures often displayed 
abundant development ot predacious and reproductive apparatus 
wholly typical of Dactylaria thaumasia. Now and then they 
showed, further, a retiary form that arrested attention because 
many of its broad trisej)tate conidia appeared to be considerably 
wider than those of D. thaumasia. As the plate cultures were 
nearly always overrun by mites at an early stage, owing to heavy 
infestation of these animals in material from southern localities, 
they gave little encouragement for closer study or for isolation of 
the aberrant form. Better conditions for ap])ropriate treatment 
were eventually given when presumably the same fungus developed 
rather extensively in several maizemeal-agar plate cultures which 
after being overgrown with mycelium of Pyt/ilinn uliinium Trow had 
been further planted by adding small quantities of leaf mold gathered 
in deciduous woods near Roanoke, Virginia, on October 11, 1946. 
From observations on both pure and nematode-infested cultures the 
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fungus here concerned would seem to differ sufficiently from D, 
thaumasia to merit recognition as a separate species. 

When sizable j)ortions of agar well permeated with young my¬ 
celium are excised from pure cultures of the new hyphomycete and 
placed on agar plate cultures well infested with eelworms of such 
genera as Rhabditis, Panagrolaiinus, Acrobeloidcs, and Plectus, 
new hyphae are extended in all directions from the transferred my¬ 
celium into the surrounding substratum. These radiating hyphae 
give rise at varying intervals to three-dimensional networks (fig. 8, 
A-D; FIG. 9, A, B) which like the similar networks in many allied 
species are produced through successive development of rather 
thick recurving branches (fig. 9, C. a). Each of the.se branches 
forms h closed semicircular loop or bail-like element by fusing 
terminally, at some distance from its origin, with a small protuber¬ 
ance put forth by a neighboring hyphal segment. The single fu¬ 
sion here takes place in much the same manner as each of the two 
fu.sions usually accomplished in the formati^'ii of a constricting 
ring. After the tips of the recurved branch and the opposed pro¬ 
tuberance have come together somewhat broadly (fig. 9, C, b) 
the j)ortions of membrane at the surface of contact dissolve away 
(fig. 9, C, c), though .s(jme time later the resulting continuity is 
modified by deposition of a cross-wall near the ])lace of union (fig. 

9, C d). 

The hyphal bails and the networks compounded from them 
operate much like the similar apparatus employed by various other 
nematode-capturing hyphomycetes. lielworms that in their con¬ 
tinuous movement happen to run afoul of these structures are held 
fast despite their energetic struggles to escape. In some instances 
where little hyphal enwrapment is to be seen (fig. 10, A) the 
captured animal must obviously be held mainly if not wholly 
through adhesion; but in other instances encirclement of the ani¬ 
mal in one or several meshes (fig. 9, I>) gives reason foi belief that 
it is held through both adhesion and entanglement. Following 
narrow perforation of the integument, the fungus disables the 
struggling eelworm by intruding one (fig. 10, A) or more (fig. 
9, D) globose infective bodies from* which assimilative hyphae are 
then extended (I^ig. 9, /)) to invade the fleshy interior from head 
to tail (fig. 10, i^). At first the assimilative hyphae are badly ob- 
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scured from view owing to the globulose degeneration of the ani> 
mars musculature and organs. Later when the degenerating ma¬ 
terial has been largely absorbed (fig. 8, £, a) the assimilative hyphae 
become more clearly visible, and instances of vegetative fusion be¬ 
tween them are revealed (fig. 8, E, c). At about this lime they be¬ 
gin to show vacuoles. With further depletion of the digestible sub¬ 
stance in the animal the vacuoles increase steadily in volume. 
Eventually the assimilative hyphae are wholly em])tied of con¬ 
tents through withdrawal of their protoplasm backward into the 
external mycelium and, together with the collapsing pellicle, vanish 
from sight. In some instances the somewhat indurated infective 
body (fig. 8, E, b) remains visible for a time after the associated 
hyphae have disappeared. 

Witli am])le nourishment being obtained through destruction 
of many nematodes the fungus soon produces conidiophores and 
conidia. The conidiophores arise in scattered positions from 
procumbent hy])hae. Often they consist individually of a stout 
simple erect hypha, tapering gradually upward from base to ti]), 
and rajiging mostly from 0.4 to 0.5 mm. in height (fig. 8, F, a: 
C, a. FIG. 10, C, a). These simple conidiophores bear terminally 
a single conidium (fig. 8, F, h; G, b. fig. 10, C, b) much like 
the simple conidiophores, for example, of Dactylella aphrobrocha 
and D. bctnbicodes, which, indeed, in their dimensions they re¬ 
semble rather closely. The fungus likewise puts forth distally 
branched conidiophores (fig. 9, /i, a; F, a) that besides producing 
a spore at the tip of the main hypha (fig. 9, E, b; F, b) bear ad¬ 
ditionalspores singly on its primary branches (fig. 9, E, c; F, c, d) 
and also on its secondary branches (fig. 9, E, d; F, e) if .such are 
present. As the branches are often rangy, sometimes exceeding 
50 in length, the conidia produced plurally are in many instances 
attached at generous distances from one another. Nevertheless 
where conidia are held aloft in numbers of three or four they 
usually offer a clustered aspect, for owing to the large size of the 
individual spores the intervening spaces do not seem dispropor¬ 
tionately wide. 

The conidia produced by the fungus in nematode-infested cul¬ 
ture (fig. 8, H, a-t; fig. 9, G, a-y; fig. 10, D, c-f) owe their fre¬ 
quently large size more to their unusual width than to their length. 
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On the whole they appear about one-third wider and one-sixth 
longer than the similarly turbinate triseptate conidia of Dactylaria 
thaumasui. In fully developed spores the triseptate condition is 
so strongly predominant that the few biseptate specimens (fig. 10, 
D, /) commonly present arouse misgivings as to their maturity, 
while quadriseptate conidia seem scarcely less alien to the fungus 
than to Dactylella stenobrocha and Dactylella bembicodes. As in 
D. bembicodes the three cross-walls arc usually so placed that the 
penultimate cell greatly exceeds the others in dimensions and 
volume. This voluminous cell contains a large irregular vacuole, 
and is further distinguished by being surrounded with a noticeably 
thickened wall. When nematode-infested cultures, on being un¬ 
covered for microscopical examination, are exposed to dry air, 
the thin-walled apical cell colhq^ses badly, whereas the sturdy 
penultimate cell, at least in respect to its peripheral outer mem¬ 
brane, commonly retains its shape; the result being that the conidia 
held aloft offer a curiously truncated appearance. Detached 
conidia are often found bearing one or more slender filamentous 
aerial outgrowths (fig 8, I, a-r), sometimes over 200/x long, 
which originate commonly from the parabasal and apical cells. 
Under somewhat humid and rather warm (25° to 35C.) con¬ 
ditions such outgrowths are extended freely also from conidia 
still supported on the conidiophores. In water or on a moist 
nutrient substratum germination takes place by the emission of 
one or more submerged germ hyphae (fig. 10, H). Fusion of 
germ hyphae with mycelial filaments is frequent and often leads to 
evacuation of all protoplasmic contents from the conidia concerned 
(fig. 9, II; FIG. 10, F). 

The fungus grows rapidly in pure culture on maizemeal agar. 
In test-tube cultures on this substratum it sometimes produces a 
more, copious aerial mycelium than I have hitherto observed in 
cultures of any other nematode-capturing hyphomycete. Often 
the column of rather loose cottony growth immediately above an 
agar slant is surmounted by an upper layer of firm felt-like tex¬ 
ture ; the appearance given then being rather similar to that com¬ 
monly presented by tube cultures of my Pythium arrhenomanes. 
A few days after a pure culture has been planted it begins to 
produce conidia, which for the most part, however, reveal onlj^ 
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rather poorly the morphological features distinctive of conidia 
formed on nematode-infested substratum. Occasional specimens, 
it is true, are divided by three cross-walls into four cells whereof 
the one in penultimate position exceeds the others in size, but 
even in these specimens departure from the normal is often clearly 
evident in greatly reduced size of the apical and basal segments 
(fig. 10, G, a-c). Very frequently the conidia formed in pure 
culture contain only two cross-walls, both of them placed near the 
proximal end, so that the large globose cell in terminal position 
here surmounts the much smaller parabasal and basal segments 
(fig, 10, G, d-in). Frequently, again, the conidia contain only 
a single cross-wall, which being placed near the basal end delimits 
a large globose distal cell from a .small proximal cell (fk; 10, G, 
n-q). r.ike the .spores formed in nematode-infested culture tho.se 
produced in pure culture are often found bearing one or more 
aerial outgrowths of slender filamentous shape (fk;. 10, //), or are 
provided with broader germ hyphae of ordinary vegetative char¬ 
acter (FtG. 10, /-AT). The germ hyphae here likewise often fuse 
with neighlioring mycelial filaments (fig. 10, L, M), thereby es- 
tabli.shing a passageway through which the protoplasmic materials 
of the conidiuni may migrate into the mycelium. 

Despite their frequently rather diflferent aiipearancc the conidia 
produced by the fungus in pure culture are not essentially different 
in kind from the conidia formed on nematode-infested substratum. 
They are manifestly not referable to a separate category of .spores, 
such as is recognizable in the unise])tate allantoid conidia of 
Dactyldla hctcrosponi and in the globuliferous conidioid bodies of 
D. docdycoidcs. Their generally smaller size, the disproj)ortionate 
reduction of their smaller cells, and more especially the usual oc¬ 
currence of their large cell in distal position owdng to frequent 
lack of a small cell at the apex, seem to come about a.s modifica¬ 
tions resulting from the different nourishment supplied in maize- 
meal agar not inhabited by eelworins. It seems possible that the 
modifications in (luestion fall outside the range ot ordinary varia¬ 
tion, and perhaps are to be construed as pathological abnormali¬ 
ties deriving from nutritional deficiency. In any case the tendency 
toward morphological deterioration here offers marked contrast 



Mycologia, Vol. 42, 1950 











Drechsler : Dactylella and Dactylaria 


39 


with the luxuriant and wholly correct sporulation of Dactylaria 
tliaumasia when grown in pure culture on maizemeal agar. 

Yet conidia essentially different in kind from the broad triseptate 
spores hitherto discussed have come under observation. One of 
the original plate cultures in which the fungus had grown out di¬ 
rectly from plantings of leaf mold showed within a limited area a 
number of detached triseptate conidia that after falling on the moist 
agar substratum had put forth one or more germ conidiophores 
(fk;. 10, N, a, h) bearing small secondary conidia in loose capitate 
arrangement. These germ conidiophores, measuring 65 to 275 /x 
in height and 3 to 4 /x in basal diameter, tapered gradually upward 
t(^ a width of 1.5 to 2 /x at the tip, where they terminated usually 
in a few—mostly in 2 to 5—sterigmatic spurs each bearing a sec¬ 
ondary conidium; though in .some instances secondary conidia up 
to seven in number were found borne on spurs, each about 5 /x long, 
])roduced one after another by successive subapical branching 
(fig, 10, O). 1'he secondary conidia (fig. 10, F, a-c) were 
colorless; unseptate, of clavate .shape, 15 to 25 ft long, and 4.3 to 
6.5 /X wide. In the same area of the Petri plate culture similar 
conidia were borne also on small conidiophores arising from 
mycelial filaments. Efforts to start pure cultures from the meager 
supply of unsc|)tate conidia were unsuccessful, and the cultures 
started from broad triseptate conidia taken from tall conidiophores 
in the area have not so far yielded a secondary or regularly uni¬ 
cellular conidial stage. Although it seems probable that the 
sulisidiary spore stage belonged in the life hi.story of the present 
fungus, the connection has not yet been established. Much the 
.same uncertainty remains here as was noted earlier ( 16 : 163-166) 
in respect to the likely connection of a rather similar secondary 
conidial stage with Dactylaria psychrophila. 

The fungus offers further parallelism with Dactylaria psychro¬ 
phila in having a sporulating habit so meagerly capitate that its 
assignment to the genus Dactylaria needs to be justified in part by 
its manifestly close relationshij) to the more pronenncedly capitate 
D, thanmasia. As its adhesive meshes are of about the same 
dimensions as those of D. thaumasia and most other retiary 
hyphomycetes, its networks appear not to share the somewhat 
closer texture noted in the predacious apparatus of D. psychro- 
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phila; and certainly they do not share the markedly closer 
texture usual in networks of niy D. polycephala (12: 527- 
531). Like D. psychrophila the fungus produces larger conidia 
that D, thaumasia, but its conidia owe their larger size mainly to 
greater width, whereas those of D, psychrophila owe their larger 
size mainly to greater length. Quadriseptate partitioning, so 
infrequent in conidia of the fungus, is commonplace among conidia 
of D. psychrophila. Pure cultures of the fungus on maizemeal 
agar have not so far shown chlamydospores or any other kind of 
indurated bodies; whereas similar cultures of D. thaumasia com¬ 
monly produce thick-walled chlamydospores in such abundance 
that the substratum is given a reddish coloration. 

A term meaning “with good, stout hide” may serve conveniently 
as si)ecific epithet for the new hyphomycete in recalling the thick 
membrane surrounding the massive penultimate segment cf its 
conidia. 

Dactylaria eudermata sp. nov. 

Mycelium effusum; hyphis sterilibus incoloratis, mediocritcr scptatis, ple- 
rumquc 1.8-7.5 M crassis, laqueos tenaccs arcuatos vel circtilares in reticula 
saepe conjunctos proferentibus; his laqueis reticulisque vcrmiculos ncnia- 
toideos illaqucantibus, deindc turn integunientum animalis captivi anguste 
perforantibus, tuber niortiferum globosum intrudentibus, hyphas intus evolven- 
tibus quae carncm exhauriunt. Hyphae fcrtilcs incoloratae, erectae, plerum- 
que 2-8 septatac, vulgo 400-500 M altae, basi saepius 6-9 At crassae, sursum 
lenitcr attcnuatae, apice 2.5-3.5 At crassae, simplices vel prope apicem aliquid 
ramosae, itaque nunc unicum conidium gignentes, nunc 2-4 conidia in capitu- 
lum laxum ferentes; conidiis incoloratis, ellipsoideis vcl oIx)voideis vel late 
turbineis, apice rotundatis, deorsum paulum attenuatis, basi truncatis, plerum- 
que 37-55 M (saepe circa 48 loiigis, 21-35 m (saepe circa 28 At) crassis, vulgo 
triseptatis, paenultima eorum cellula 21-35 At (saepe circa 29 At) longa, aliis 
cellulis eorum multo minoribus, inter se subaequalibus, vulgo 4-8 At (saepe 
circa 6 m) longis; interdum omnibus cellulis glabris, interdum aliquibus cellulis 
minoribus 1 vel 2 appendicibus praeditis; appendicibus incoloratis, filiformibus, 
rectis vel flexuosis, continuis vel prope basim 1-2 septatis, plerumquc 50-275 At 
longis, basi 2-4 At crassis, sursum leniter attenuatis, apice circa 1 At crassis. 

Vermiculos nematoideos diversos capiens consumensque habitat in humo 
silvestri prope Roanoke, Virginia. 

Mycelium spreading: vegetative* hy])hae colorless, septate at 
moderate intervals, mo.stly 1.8 to 7.5 fx wide, often especially in the 
presence of nematodes giving rise to arched or circular hyphal 
meshes, which, though at first discrete, are later frequently com- 
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pounded into more or less extensive networks; the meshes and net¬ 
works capturing nematodes through adhesion and entanglement, 
then narrowly perforating the integument of each captured animal 
and intruding one or more infective bodies of subspherical shape, 
from which are extended assimilative hyphae, mostly 2 to 5 /n wide, 
to appropriate the fleshy contents. Conidiophores colorless, erect, 
usually containing 2 to 8 cross-w^alls, commonly 400 to 500 /a high, 
6 to 9/x wide at the base, tapering gradually upward to a width of 
2.5 to 3.5fi near the tip, simple or somewhat branched at the distal 
end, consequently sometimes producing a single conidium and at 
other times bearing 2 to 4 conidia in loose capitate arrangement. 
C.'onidia colorless, ellipsoidal or obovoid or broadly turbinate, 
broadly rounded at the tip, somewhat tapered proximally, truncate 
at the base, mostly 37 to 55 fi (average about 48 fi) long, 21 to 
35/X (average about 28/x) wide, commonly triseptate, the penulti¬ 
mate cell 21 to 35 fjL (average about 29/x) long, the other three cells 
much smaller, individually most often 4 to 8 /x (average about 6 /x) 
long and sometimes bearing 1 or 2 aerial outgrowths; aerial out¬ 
growths colorless, filamentous, straight or flexiious, continuous or 
with 1 or 2 cross-walls in the proximal portion, 50 to 275 /x long, 
2 to 4 /X wide at the base, tapering gradually upward to a width of 
ap])roximately 1 /x at the tip. 

Capturing and consuming nematodes of different species, it oc¬ 
curs in leaf mold in deciduous woods near Roanoke, Virginia. 

A CANDTDA-LIKE DACTYLARIA CAPTURING EKLWORMS BY ADHESION 
TO SLENDER-STALKED ADHESIVE KNOBS 

Several maizemeal-agar plate cultures which after being perme¬ 
ated with niycelia of Pythium mamiHatiim Meurs had been fur¬ 
ther planted on April 29, 1948, with small quantities of partly de¬ 
cayed bluegrass {Poa pratensis L.) detritus i»evvly collected in a 
field near Beltsville, Maryland, showed 16 days later some ex¬ 
panses of conidial apparatus rather similar to that of Dactylaria 
Candida (Nees) Sacc., but differing in being less strongly capitate. 
A more decisive difference came to light when the underlying my¬ 
celium was examined, for though the vegetative hyphae manifestly 
obtained their nourishment by capture of nematodes abundantly in¬ 
festing the substratum, the animals were in all instances held fast 
through adhesion to stalked globose unicellular knobs comparable in 
size and efficacy to the adhesive knobs utilized by my Dactylella 
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asthenopaga (12: 496-499) and my Dactylaria haptospora (13: 
455 _ 451 ) as well as by the nematode-capturing fungus (12: 492- 
496) held referable to Dactylella ellipsospora Grove (22). The 
mycelium was wholly lacking in non-constricting rings, such as 
those employed very effectively by the widespread nematode-captur¬ 
ing hyphomycete I have assigned (12 : 523-527) to the ancient spe¬ 
cies of Nees von Esenbeck. However, since this hyphomycete, 
besides producing non-constricting rings, gives rise terminally on 
very slender stalks to small globose unicellular knobs which in soft 
agar cultures have only rarely been found operative in capturing 
eelworms, it was necessary to consider whether the observed absence 
of non-constricting rings together with the greater size and effi¬ 
ciency of the globose knobs might perhaps have resulted from un¬ 
usual environal conditions. The fungus growing out from the blue- 
grass detritus was therefore isolated by removing its conidia ‘’rom 
the erect conidiophores to sterile agar. From the pure cultures 
thus obtained portions of agar well permeated with young mycelium 
were excised and placed on Petri plate cultures that had become, 
infested with saprophilous nematodes introduced on decaying ma¬ 
terials of various kinds. Among the cultures used in these trials 
were some that had been started by planting the sterile substratum 
with ])ieces of softened discolored roots of matai or Chinese water- 
nut \Rlcocharis didcis (Bunn, f.) Henschel] plants received from 
Winter Park, Florida, late in July, 1948. After being promptly 
overgrown by my Pythimn myriotylum the agar here afforded 
abundant multiplication of a slender species of Panagrolaimus, 
which later suffered destruction in large numbers when young my¬ 
celium of the Beltsville hy])homycete was superadded. As the in¬ 
vasive develoimient of predacious and parasitic fungi is in general 
more clearly visible in slender than in stout eelworms, material per¬ 
taining to or resulting from the destruction of the Panagrolainius 
was used advantageously in preparing the figures relating to the 
fungus (figs. 11, 12). 

None of the nematode-infested cultures in which portions of 
young mycelium were planted .showed any development of non- 
constricting rings. From the superadded mycelium rather slender 
filaments grew out that at somewhat variable intervals and mostly 
in submerged positions consistently gave rise to unicellular adhesive 



Fig. 11. Dactylaria haptotyla. 
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knobs on stalks sometimes consisting of one cell (fig. 11, A, a, b. 
FIG. 12, A, or-d; D, a) but more often consisting of two cells (fig. 
11, A, c-o; B, a, h; C, a-d; E, a. fig. 12, A, e-k; B, a, h; C, b) 
and occasionally consisting of three cells (fk;. 12, C, c). Most 
frequently the stalks were 1.4 to 1.9 /x wide and from 10 to 25 /x long. 
They appear appreciably stouter, therefore, than the corresponding 
stalks of Dactylaria Candida, which, as a rule, measure only 1 to 
1.4 /X in width. At the same time they seem markedly more slender 
as well as generally longer than the homologous stalks of Dactylclla 
ellipsospora, since these usually measure 2.4 to 3 /x in width and 5 
to lOjtx in length; the dimensional contrast here offering some 
parallelism with the contrast ])etween the stalks supporting the con¬ 
stricting rings of Dactylella aphrobrocha and those supporting the 
constricting rings of Dactylella hembicodes. Nearly the same de¬ 
gree of contrast is evident when comparison is extenderl t > the 
stalks of Dactylella asthenopaga, which, as is apparent from their 
recorded dimensional ranges—2 to 3 /x for width, and 3 to 10 /tx for 
length—^are similarly of short sturdy conformation. The stalks of 
Dactylaria haptospora, commonly 1.5 to 2.5 ft wide and 4 to 30/x 
long, offer notably better agreement with respect to measurements. 

The globose or prolate ellipsoidal adhesive knobs of the Beltsville 
fungus have been found varying mostly from 7 to 10 /x in length 
and from 6 to 8,5 /x in width. As has been intimated they differ 
little in size from the adhesive knobs of the three previously de¬ 
scribed nematode-capturing hyphomycetes that produce no other 
type of predacious organ; though on a strict comparison of relevant 
measurements they would seem slightly smaller than the knobs of 
Dactylella ellipsospora, and slightly larger than those of Dactylclla 
asthenopaga and Dactylclla haptospora. They are markedly 
larger, of course, than the meagerly operative knobs of Dactylaria 
Candida, which commonly measure only 4 to 7 /x in length and 3.8 to 
6 /X in width. In nearly equal meavsure they exceed in size also the 
meagerly operative knobs of my Dactylella lysipaga that usually 
range from 5 to 8 /u in length, and from 4.5 to 6 /x in width. 

Frequently in predacious organs that have attained some age 
without capturing a nematode, the adhesive cell loses its proto¬ 
plasmic contents and collapses emptily (fig. 11, i;, a) as the sup¬ 
porting stalk grows out obliquely near the distal end to form a sec- 
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ond adhesive cell on the prolongation. The same process may then 
])e repeated, with the second adhesive cell in turn losing its con¬ 
tents and collapsing (fig. \ \,D, h) as a third adhesive cell (fig. 11, 
D, c) is produced. In such successive elongation each new incre¬ 
ment is at first continuous throughout. Indeed, young stalks gen¬ 
erally (FIG. 12, C, a) remain in an unseptate condition until the 
terminal swelling destined to be delimited as an adhesive knob is 
nearly full grown. 

The glandular knob, if left undisturbed, does not show under 
ordinary microscopical inspection any recognizaljle coating of ad¬ 
hesive material on its surface. An eclworm coming in contact 
with it is nevertheless held securely despite energetic struggles to 
escape. .After these struggles have j)rocecded for some time, a 
cushion of colorless glutinous substance often becomes visible be¬ 
tween the knob and the integument of the captured animal (fig. 12, 

D, h; E, a: a). Soon the adhering knob perforates the integu¬ 

ment by means of a slender protuberance, which, on reaching the 
fleshy interior, immediately widens out into a globose infective body 
that usually continues to ex])and (fig. 12, D) until it extends en¬ 
tirely or almost entirely across the nematode (fig. 11, E-II; kk;. 
12, E). The nematode gradually becomes enfeebled from the in¬ 
jury thus sustained, and thereupon is invaded further by assimila¬ 
tive hyphae arising from the infective bodies (fig. 11, E-H; FKi. 12, 

E, E). These assimilative hyphae grow lengthwise through the 
animal until they occiijiy it from head to tail (fig. 12, G, II). At 
first, even in slender celworms, they arc to a considerable degree 
obscured from view, owing to the globulose degeneration of mus¬ 
culature and organs that accompanies their progress. Later, when 
the degenerating materials have been largely absorbed, they become 
more clearly visible. With further reduction of the animars sub¬ 
stance, they show an increasingly vacuolate condition (fki. 12, H) 
as their protoplasmic contents are withdrawn backward into the ex¬ 
ternal mycelium. Eventually they are com])letely emptied of liv¬ 
ing protoplasm, and their membranous envelopes, together with 
the collapsing integument surrounding them, disappear from sight. 

In the withdrawal of protoplasmic contents from the assimilative 
hyphae into the external mycelium, the passageway provided by the 
narrow stalk originally supporting the adhesive knob (fig. W, E,b; 
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//, a. FIG. 12, D, b; F, a) is often supplemented by a passageway 
provided by a second and noticeably wider hyphal element (fig. 11, 
H, c: //. b. FIG. 12, D, c; F, b) connecting the adhesive knob with 
the mycelial filament at a point a short distance from the origin 
of the stalk. This second hyphal connection is often present at an 
early stage in the invasion of the eel worm, and may possibly be 
formed to replace the stalk, which, owing to its slenderness, must 
often incur injury from the struggles of the animal. It may be 
presumed that localized injury occasions the disappearance of pro¬ 
toplasm within the distal portion of the stalk (fk;. 11, G, a; fig. 12, 
H, a) in the rather frequent instances where the new hyphal ele¬ 
ment (fig. 11, G, b: FIG. 12, H, h) is found arising from a median 
position in the stalk rather than from the parent mycelial filament. 
Sometimes the original stalk seems to disappear completely, so that 
the supplementary hyphal element, recognizable by its greater 
width, provides the only communication between the adhesive knob 
and the mycelium (fig. \ \, F., d. fig. 12, G, a: H, c). On the 
other hand, in instances where the captured celworni is of relatively 
small size, the adhesive knob may remain attached, at least during 
the earlier stages of invasion, solely by the stalk on which it was 
])roduced (fig. 11, F , a ; fkj. 12, E , a ). 

The fungus usually puts forth conidiophores and conidia in 
moderate abundance both in pure culture and on nematode-infested 
substratum. Very often, in the beginning, most of the conidio¬ 
phores present in a stand (fig. 11, I, a; J, a; K) will bear spores 
singly (fig. 11, /, /;) or in twos (fig. 11, J, b, c). At this stage 
the fungus looks much like a Dactyhila. Later, however, with the 
production of additional spores on short branches or spurs, many 
conidiophores (fig. 12, I, a, b; J) come to bear three (fig. 12, /, 
r-c) or four (fig, 12, /, j-i) or as many as five conidia in loosely 
capitate arrangement, thereby acquiring an appearance and habit 
usually associated with the genus Dactylaria, On the whole, capi¬ 
tate development here would seem tardier and less pronounced 
than in Dactylaria Candida. 

In their handsome fusiform shape the conidia rather closely re¬ 
semble those of Dactylella ellipsospora, Dactylella lysipaga, and 
Dactylaria Candida, while differing markedly from the clavate spores 
of Dactylella asthenopaga, as well as from the elongated cylindrical 
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conidia of Dactylaria haptospora. When fully developed they con¬ 
tain three (fig. 12, K, a, h) or four (fig. 11, L, fig. 12, K, 
r-.r) or occasionally live (fig. 11, P; fig. 12, K, y, z) cross-walls. 
The quadriseptate condition, wdth the cross-walls so ])laced that 
a largish median cell is delimited between two smaller proximal 
cells and two smaller distal cells, usually predominates, and thus 
seems to represent the manner of septation most characteristic of 
the species. Conidia having such septation give measurements 
for length ranging from 34 to 55 /a, and measurements for width 
ranging from 7.4 to 13.3 /t*; the computed averages for these dimen¬ 
sions being 43.7 /x and 10.7 /x, respectively. Computed values for 
average lengths of the five component cells are as follows: basal 
cell, 9 /x; parabasal cell, 7.3 /x; middle cell, 14.4 /x; ])enultimate cell, 
6.1 /x; apical cell, 6.9/x. Owing to the greater variability gener¬ 
ally evident here in the size and vseptation of the conidia, the meas¬ 
urements just given must be held less accurately descri])tive of the 
species than are the corresponding measurements, for example, of 
Dactylella aphrobrocha. 

Often while it is still borne aloft on the conidiophore, or after it 
has fallen off, a conidium, whether triseptate (fig. 11, M), quadri¬ 
septate (fig. 11, O; fig. 12, L-N), or quinqueseptate (fig. 11, 
P), will extend a slender tapering filamentous outgrowth into the 
air. These outgrowths, which commonly are 25 to 100 /x long, 1.5 
to 2.5 /X wide at the base, and about 1 /m wide near the tip, arise most 
usually from the parabasal segment. Sometimes a conidium will 
put forth two such aerial outgrowths (fig. 11, Q). Two detached 
conidia (fig. 11, R, a, h) lying near together on the surface of a 
culture often become fused to one another in much the same man¬ 
ner as neighboring mycelial filaments or neighboring assimilative 
hyphae (fig. 12, G, h; H, d, e). 

A term compounded of two words meaning “to fasten,'’ and 
“knob,” respectively, is deemed suitable as specific epithet for the 
fungus. 

Dactylaria haptotyla sp. nov. 

Mycelium sparsum; hyphis sterilibus incoloratis, mediocriter septatis, ple- 
rumque 1.4-3.8/* crassis, bullas globosas vel ellipsoideas, 7-10/* longas, 6-8.5 /* 
crassas, ex ramulo recto vel curvato, saepius 7-27/* longo, 1.4-1.9/* crasso, in 
1—3 cellulis consistente, singillatim hie illic emittentibus; his bullis ad vermicu- 
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los nematoideos inhaerentibus, itaque animalia tenentibus, integumentum 
eorum perforantibus, tuber mortiferum intrudentibus, hyphas intus evolventi- 
bus quae carnem exhauriunt, Hyphae fertiles incoloratae, erectae, sacpius 
4-11 septatac, 115-325 m altae, basi 3-4.5 M crassae, sursum lenitei attenuatae, 
apice circa 1.5crassae, prinium saepe simplices et in umim conidium 
abeuntes, deinde apice saepe parce ramosae dcnique 2-5 conidia in capituluni 
laxum fcrcntes; conidiis hyalinis, vulgo fusoideis, basi truncatis, apice anguste 
rotundis, plerumque 3 v3-55a^ (saepe circa 43.7 A^) longis, 7.4-13.3^1 (saepe 
circa 10.7 m) crassis, 3-5 septatis, saepissimc quadriseptatis denique cellula 
antepacnultima crassiore et longiorc quani aliis ccllulis. 

Vcrmiculos nematoideos specicrum inultarum capicns consumensque habitat 
in foliis caulibusque Poae pratensis putrescentibus prope Beltsville, Maryland. 

Mycelium scanty; vegetative hyphae colorless, septate at moder¬ 
ate intervals, mostly 1.4 to 3.8 /j, wide, often especially in the pres¬ 
ence of nematodes, giving rise here and there on stalks frequently 
straight or somewhat curved, 7 to 27/n long, 1.4 to 1.9/jt wide, 
sometimes unicellular but usually hicellular and occasionally tri- 
cellular, to unicellular knobs subspherical or prolate ellipsoidal in 
shape, 7 to lO/i long and 6 to 8.5 /x wide; the knobs holding fast 
to nematodes, individually perforating the integument of the adher¬ 
ing animal, then intruding a globose infective body from which as¬ 
similative hyphae are extended to appropriate the fleshy contents. 
Conidiophores hyaline, erect, often containing 4 to 11 cross-walls, 
usvially 115 to 325 jj, high, 3 to 4.5 fi wide at the base, tapering grad¬ 
ually upward, about 1.5 /x wide at the tip, at first often simple and 
terminating in a single conidium, later often provided near the apex 
with a few short branches or spurs, and then bearing 2 to 5 conidia 
in loose capitate arrangement; conidia colorless, usually spindle- 
shaped, ta])ering downward toward the narrow truncate base, 
somewhat narrowly rounded at the distal end, mostly 33 to 55 /x 
(average about 43.7 fx) long, 7.4 to 13.3 jtx (average about 10.7 /x) 
wide, containing 3 to 5 cross-walls but most often divided by 4 
cross-walls into 5 cells whereof the one in middle position usually 
exceeds the others in length and width. 

Capturing and consuming nematodes of different species it oc¬ 
curs in decaying leaves and stems of Poa pratensis near Beltsville, 
Maryland. 

A CANDIDA-LlKE DACTYLARIA WITH EFFICACIcns ADHESIVE KNOBS 
AND INDURATED HYPHAE 

A nematode-capturing fungus which like Dactylaria haptotyla 
resembles Dactylaria Candida in its conidial apparatus came to 
light in several maizemeal-agar plate cultures that after being 
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overgrown by my Pythium arrhenomanes had been further planted 
with small quantities of partly decayed vegetable refuse taken from 
a garden in Roanoke, Virginia, on October 11, 1946. In these 
cultures the massive lobulate sporangial complexes that were soon 
produced everywhere by P. arrhenomanes served as a very abun¬ 
dant food supply for stylet-bearing nematodes addicted to feed¬ 
ing on fungus protoplasm after the manner described by Christie 
and Arndt (6) for Aphelenchoides parietinus (Bastian 1865) 
Steiner 1932. Consequently the parasitic nematodes prospered 
greatly, and after two weeks were present in unwonted numbers. 
About IS days after the vegetable detritus had been added the 
stylet-bearing animals, as well as the saprophilous eelworms in¬ 
termingled with them, began to suffer noticeable losses from the 
destruction of many individuals hy predacious mycelia that grew 
from the opaque material into the subjacent agar. Capture of 
nematodes was effected here exclusively by adhesive knobs of a 
size then known to me— Dactylaria haptotyla not having been dis¬ 
covered at the time—only in Dactylclla ellipsospora, DactylcUa 
asthenopaga, and Dactylaria hapiospora. When, as soon hap¬ 
pened, conidiophores arose from the predacious mycelia, they bore 
conidia which, while differing markedly from those of Dactylella 
asthenopaga and Dactylaria hapiospora, resembled in a general 
way the conidia of Dactylclla ellipsospora with respect to outward 
shape and to septation. Agreement with respect to sporulating 
habit was lacking, however, for the conidia here, instead of being 
borne for the most part singly, were held aloft plurally in loose 
heads, thereby offering much the same appearance as Dactylaria 
Candida . To determine more especially whether non-constricting 
rings, familiar as the efficient predacious organs of Dactylaria 
Candida, might be formed under changed conditions, the Roanoke 
fungus was isolated through removal of conidia from the loose 
heads to sterile agar; and from the pure cultures thus obtained 
sizable portions of its mycelium were cut out and placed on Petri 
plate cultures that had become well infested with nematodes 
originating from different kinds of decomposing plant materials. 
Development of non-constricting rings never ensued in these trials. 
The fungus, under varying conditions, continued to capture 
nematodes solely by means of adhesive knobs. 
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The adhesive knobs are borne on stalks most often, perhaps, 
consisting of two cells (fig. 13, A, a-q; B, a; C, a, h; D, a; E, 
a, b), but nearly as often consisting of a single cell (fig. 13, C, c: 
D, b-e; F; G, a; H, a: K, a). In stalks composed of more than 
one cell the basal segment may include a portion of the parent 
hypha (fig. 13, B, b; I; /), or may even extend into a branch 
arising nearby from^he parent hypha (fig. K,b). The stalks 
are commonly from 2 to 2.5/m wide and from 10 to 20/x long, 
though some unicellular examples do not greatly exceed 5 /x in 
length (fig. 13, D, b; G, a), while among the four-celled speci¬ 
mens (fig. 13, L) occasionally to be found some measure about 
SO fi in this dimension. They would wseem, therefore, somewhat 
wider tlian the stalks in Dactylaria liaptotyla, and, to extend the 
comparison, are appreciably narrower and also longer than the 
stalks of Dactylella cllipsospora. 

The knol)s of the I^oanoke hyphomycelc, like the similar organs 
in allied species, show no visible coating of adhesive material as 
long as they are left undisturbed. Nevertheless, celworms that 
come into contact with them are held fast despite prolonged 
struggles to escape. Some little time—frequently about 15 or 30 
minutes—after capture of a nematode has been effected, a cushion 
of hyaline glutinous material can be seen between the knob and 
the animars integument (fig. 13, D, d). Soon the knob puts 
forth centrally in the region of contact a slender protuberance that 
penetrates the integument to give rise within to a globose infective 
body. This body usually expands until it occupies the entire 
width of the animal (fig. 13, D, d: E, c, d; G, b, c; H, h; M; N; 
O), which thus is severed internally and as a result becomes in¬ 
capable of energetic movement. Thereupon the infective body 
produces assimilative hyphae that continue to grow lengthwise 
through the fleshy interior (fig. 13, N, 0) until the eelworm is 
permeated from head to tail (fig. 13, D, d; E, c, d; G, b, c; H, h; 
M ). At first the assimilative hyphae are only indistinctly visible, 
being then obscured because of the globulose degeneration mark¬ 
ing their progress through musculature and organs; though in 
slender nematodes, such as the stylet-bearing parasites found 
utilized as prey in the original cultures (fig. 13, D, E, G, H, M, 
N, 0), the difficulties of observation are less serious than in stouter 
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animals. When the degenerating contents have in large part been 
absorbed by them, the assimilative hyphac. usually numbering from 
1 to 3 in slender captives, become more clearly discernible, and re¬ 
veal cross-walls at moderate intervals as well as scattered instances 
of vegetative fusion (fig. 13, E, c, /; G, d: M, a-c). The hyphal 
segments, moreover, now frequently begin to show vacuoles. 
These vacuoles increase in volume as the animars contents are fur¬ 
ther reduced (fig. 13, E, c, d: H: M). Through continued with¬ 
drawal of protoplasm backward into the external mycelium, the 
assimilative hyphae are often completely evacuated of living sub¬ 
stance, so that ultimately their empty membranous envelopes, to¬ 
gether with the collapsing integument surrounding them and the 
em])ty membrane of the associated predacious organ (fig. 13, 
D, e), gradually vanish from sight. 

As in Dactylaria haptofyla many adhesive knobs that have been 
operative in capturing a nematode are found attached to the parent 
mycelial filament not only by the stalk whereon they were formed 
(fig. 13, O, a) but also by a supplementary hyphal element (fig. 
13, O, b) of later origin. Sometimes a supplementary element 
intercalated between the knob and the i)arent hypha may become 
united laterally with the stalk (fig. 13, (/, b), which in its distal 
])ortion has been emptied of protoplasm presumably as the result 
of injury incurred from the struggles of the eelworm. Very fre¬ 
quently, however, where the supplementary element replaces a 
distal portion of the stalk, it is intercalated l)etween the knob and 
the proximal living portion of the stalk (fig. 13, E, d; G, c: N). 
Rather often, again, the stalk is found wholly emptied of proto¬ 
plasmic material so that the supplementary hyphal element pro¬ 
vides the only live communication between the knob and the 
mycelium (fig. 13, c). 

On nematode-infested materials, as also in pure c^dture on 
maizemeal agar, the fungus usually puts forth a scattered stand 
of conidiophores. The earliest conidiophores (fig. 14, A, a) are 
sent up from procumbent mycelial hyphae, but wlicn these have 
fallen over on the substratum (fig. 14, B, a; C; D, a) after ful¬ 
filling their immediate function, they commonly give rise from a 
segment near the base to a secondary conidiophore (fig. 14, B, b; 
C; D, b), which in turn may give rise to others of tertiary and 
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higher orders (fig. 14, C; D, c). As a rule the conidiophores are 
slender in proportion to their length, often seeming hardly sturdy 
enough to support the conidia, usually 3 to 8 in number (fig. 14, 
A, b-d; B, c-j), which they hold aloft in loose capitate arrange¬ 
ment 200 to 350 ft above the substratum. In many instances their 
several sterigmatic spurs are all borne at the tip (fig. 14, C, if), 
but not infrequently, again, one or more of the spurs are placed 
some distance below the tip (fig. 14, D, c; F). 

The conidia rather closely resemble those of Dactylaria Candida 
and Dactylaria haptotyla in their dimensions and generally fusiform 
shape (fig. 14, C, a-z; H, as). They are most commonly found 
divided by four cross-walls, although more than a few have three 
cross walls (fig. 14, G, c, t, u, x: H, c, />, s, zv) and occasional 
specimens contain five (fig. 14, G, o; II, k). Measurements of 
quadriseptate specimens have shown a range in length from 32 
to 54 fi, and a range in width from 5.9 to 14.3 ft; and have given 
averages of 44.6 ft and 9.3 ft, respectively, for these two main 
dimensions. Measurements of the five component cells have 
yielded averages for lengths as follows: basal cell, 10.8 ft; parabasal 
cell, 8.4 ft; middle cell, 11.5ft; penultimate cell, 6.2ft; and apical 
cell, 7.7 ft. While in quadriseptate conidia the middle cell would 
thus seem generally somewhat longer as well as wider than the 
others, its length, on the whole, docs not greatly exceed that of 
the basal cell, and in individual specimens is found appreciably 
smaller. 

Under warm moist conditions conidia frequently put forth 
slender aerial filamentous outgrowths while they are still held aloft 
on the conidiophore. Similar outgrowths are often extended 
erectly after the spores have fallen on a moist substratum (fig. 14, 
I-K). In many instances a fdamentous outgrowth from a fallen 
conidium (fig. 14, L, a, b) serves as a conidiophore (fig. 14, 
L, c, d) in producing at its tip a secondary conidium (fig. 14, L, 
e, f) usually of smaller dimensions than most conidia of primary 
origin but having similar shape and septatioii. 

Fallen conidia that happen to lie close together (fig. 14, L, a, b) 
very frequently become united through vegetative fusion mani¬ 
festly of the same sort displayed abundantly in mycelial filaments 
and conidial apparatus throughout the series of clampless pre- 
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clacious hyphomycetes. Another vegetative attribute is shown 
by fallen conidia in their ready production of stalked adhesive 
knobs directly from one of their component cells (fig. 14, /, J). 
Development of like predacious organs on detached conidia was 
noted earlier in the descriptive account of Dactylella asthenopaga. 
As might well be expected, stalked adhesive knobs arc also pro¬ 
duced occasionally on conidiophores (fig. 14, B, a) that have 
fallen over on moist substratum while they were still largely 
filled with living protoplasm. 

After the fungus has been producing conidia in nematode-infested 
cultures for a period of 10 to 15 days, it often diverts much of its 
substance toward the formation of chlamydospores or indurated 
portions of mycelium. Once the change in reproductive tendency 
has set in, the assimilative hyphae in many instances will not convey 
their protoplasm to the external mycelium, but instead will retair it 
within their constituent segments to be thickly interspersed with 
globulose reserve materials elaborated from the digestible con¬ 
tents of the eelworm (fk;. 14, M). In taking on a durable stale 
the hyphal segments here usually become noticeably but not 
markedly widened. The infective cell, which likewise undergoes 
induration, reveals generally no further increase in size. 

Development of resting bodies through transformation of as 
similative hyphae within captured animals has so far never been 
observed in any other clampless nematode-capturing hyphomycete, 
nor, for that matter, in the four members of the Zoopagaceae known 
to capture eelworms (10, 11, 14, 17), nor, again, in the two species 
of similar biological habit that have been described in the clamp¬ 
bearing genus Nematoctonus (18, 20). Among the various hy¬ 
phomycetes attacking eelworms after the usual manner of parasites, 
by means of hyphae arising through germination of affixed or in¬ 
gested spores, analogous internal development of resting bodies has 
become familiar to me only in the production of chlamydospores by 
the ubiquitous Harposporium angnillulae Lohde. In the present 
fungus, besides, scattered filaments of the external mycelium, to¬ 
gether with many of their branches, undergo induration to form 
often rather extensively ramified sclerotioid bodies (fk;. 14, N). 
The hyphal segments here,, both in the main filaments and in the 
branches, frequently become distended to three times their original 
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width, so that the indurated cells are generally of subspherical 
shape, and in many instances may even measure more in trans¬ 
verse diameter than in length. As in the similar sclerotioid bodies 
of Dactylella hctcrospora, the more strongly distended cells, which 
here may form chains over 1 mm. long, are always densely filled 
with glolnilose contents, while the cells that have become only 
slightly distended show correspondingly less internal modification. 

A term having reference to the filamentous character of its rest¬ 
ing bodies may serve appropriately as specific epithet for the fungus, 
especially as the resting bodies often occur in a somewhat web-like 
arrangement. 

Dactylaria sclerohypha sp. nov. 

Mycelium sparsum; hypliis incoloratis, mediocriter septatis, plerumquc 1.5-' 
3.2 m crassis, hie illic ox ramulo recto vel curvato, 5-50 m longo, 2-2,5 M 
crasso, in 1-4 (saepissime in 1 vel 2) cellulis consistentc, bullas tenaccs 
globosas vel cllipsoideas 8.3-10 m longas, 7.2-8.6 m cras. 2 as, singillatim emitten- 
tibiis; his bullis ad vermiculos neniatoideos inhaerentibus, ita animalia tenen- 
tibus, integumentum eorum perforantibus, tuber mortiferum intrudentibus, 
hyphas plerumque 2-4.5 M crassas intus evolventibus quae carnem exhauriunt. 
llyphae fertilcs incoloratae, erectae, saepius 5-10 septatae, 200-350 m altae, 
basi 3.3-5 M crassae, sursuni lenitcr attenuatae, apice 1.4-2 m crassae, priinum 
saepe simplices et in unum conklium abeuntes, postca apice vulgo aliquid 
ramosae denique 2-8 conidia in capituluin laxum ferentes; conidiis incf)loratis, 
vulgo fusoideis, apice angustc rotundatis, basi truncatis, plerumciue 32-54 M 
(saepius circa 44.6 m) Inngis, 5.9-14.3 m (saepius circa 9.3 m) crassis, 3-5 
septatis, saepissime quadriseptatis denique cellula antepenultima eorum plc- 
rurnque crassiorc ct longiore quam aliis cellulis, post disjunctionem bullam 
tenacem vel hypham fertilem interdum emittentibus; hyphis fertilibus germi- 
nationis simplicibus saepius circa 100 m altis, basi 2-2.5 M crassis, sursum leni- 
ter attenuatis, apice circa 1.2 m crassis, saepius biseptatis vel triseptatis, unum 
conidium ferentibus; conidiis ordinis .secundi fusiformiliis plerumque trisepta¬ 
tis vel quadriseptatis, vulgo circa 32 m longis et 6.5-7 m crassis. Corpora 
perdurantia intra animalis atquc in materia circumdanti I'rta, filiformia, 
vulgo ramosa, paene incolorata \cl flavidula, protoplasmatis valde guttulosi 
repleta, saepe 0.2-1 mm. longa, in cellulis plerumque 8-15 M longis- ct 3-13 m 
crassis consistentia. 

Vermiculos nematoideos multarum specicrum capiens consumensque habitat 
in materiis plantarum putrescentibus prope Roanoke. Virginia. 

Mycelium scanty; vegetative hyphae colorless, septate at moder¬ 
ate intervals, mostly 1.5 to 3.2 /a wide, often especially in the pres¬ 
ence of nematodes giving rise here and there on straight or curved 
stalks, 5 to 50 /X long and 2 to 2.5 /a wide, usually uniseptate or bi- 
septate but sometimes triseptate or quadriseptate, to solitary ad- 
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hesive knobs, globose or ellipsoidal in shape, commonly 8,3 to 10 /a 
long and 7.2 to 8.6 /a wide; these knobs holding fast to nematodes, 
thus capturing the animals, then perforating the integument of each 
captive and intruding a globose infective body from which assimila¬ 
tive hyphae, mostly 2 to 4.5 /a wide, are extended lengthwise to 
appropriate the fleshy contents. Conidiophores colorless, erect, 
often containing 5 to 10 cross-walls, frequently 200 to 350 /a high, 
3.3 to 5 fjL wide at the base, gradually tapering upward to a width 
of 1.4 to 2 /A at the tip, at first often simple and terminating in a 
single conidium but later often provided distally with short branches 
or spurs and then bearing 2 to 8 conidia in loose capitate arrange¬ 
ment ; conidia colorless, commonly spindle-shaped, narrowly 
rounded at the tip, truncate at the base, mostly 32 to 54 /a (average 
about 44.6 /a) long, 5.9 to 14.3 /a (average about 9.3 /a) wide, con¬ 
taining from 3 to 5 cross-walls but most often divided by 4 septa 
into 5 cells whereof the middle one is widest and usually longest, 
after being al)jointed sometimes putting forth a stalked adhesive 
knol) or a conidiophore; conidiophores of germinative origin usu¬ 
ally simple, often biseptate or triseptate, about 100 /a high, 2 to 2.5 /a 
wide at the base, tapering gradually upward to a width of 1.2 /a at 
the tip, whereon is borne a single secondary conidium; secondary 
conidia spindle-shaped, mostly triseptate or quadriseptate, com¬ 
monly about 32 /A long and 6.5 to 7 /a wide. Resting bodies formed 
within the animal’s integument and also externally, filamentous, 
frequently branched, nearly colorless or faintly yellowish, often 
0.2 to 1 mm. long, composed of cells mostly 8 to \S long and 3 to 
13 /A wide that are filled with densely globuliferous protoplasm. 

Capturing and consuming nematodes of different species it oc¬ 
curs in decaying plant materials near Roanoke, Virginia. 

A CLAMPLKSS HYPHOMCETE CAPTURING NEMATODES IN THICK 
NON-CONSTRICTING RINGS 

The several maizenieal-agar plate cultures which after being 
planted with leaf mold from woods near Greensboro, North Caro¬ 
lina, permitted abundant development of Dactylella aphrobrocha, 
were occupied rather extensively also by a number of other clamp¬ 
less hyphomycetes of like predacious habit. Among these allied 
fungi was a species that produced three-celled non-constricting 
rings (fig. 3, S; T; U, a; V) and globose or ellipsoidal unicellular 
knobs (fig. Z,U,h) on delicate, mostly bicellular stalks often about 
25 /A in length. While the development of these two types of pre- 
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clacious organs on the same mycelium offered general parallelism 
with development in Dactylella lysipaga, Dactylella leptospora, and 
Dactylaria Candida, the rings here could immediately be recognized 
as being larger and more massive than those of the three species 
mentioned. They measured from 20 to 26 /x in outside diameter 
and thus with respect to this dimension exceeded the rings of the 
three similar species by approximately 5 /x. In respect to thickness 
of the three cells composing them they ranged from 3 to 5 /x, their 
more usual transverse measurement of approximately 4 /x exceeding 
the corresponding measurement in the three known similar forms 
by about 1 /x. On the whole they would appear, indeed, very 
nearly equal in size and volume to the constricting rings of Dac- 
tylella stenobrocha. This approximate equality provides an ex¬ 
ception to the marked dimensional disparity generally observable 
among annulated members of the predacious series, between the 
rather frail non-constricting rings and the conspicuously sturdy 
constricting rings. 

For the most part the rings operated like those of Dactylella 
lysipaga, Dactylella Icptospora, and Dactylaria Candida. In some 
instances the slender supporting stalk withstood the frantic strug¬ 
gles of the ensnared nematode, though often incurring injury dis- 
tally (viG. 3, H \ a) that needed to be repaired through intercalation 
of a new hy])hal connection (fig. 3, IV, h). In other instances the 
stalk broke, ])ermitting the animals, now tightly encircled by the 
ring (fig. 3, X, a) to continue moving about for a few hours longer. 
In either event the ring would soon ]miI forth from its inner surface 
a narrow protuberance which after penetrating the animars in¬ 
tegument gave rise within the fleshy interior to a globose infective 
body. Owing apparently to the greater volume of protoplasm 
contained in the ring the infective body here continued to enlarge, 
as a rule, until it occiqiied the whole width of the eel worm, whereas 
in the three species with smaller rings it commonly extends only 
partly across the animal. The virtually complete severance of 
musculature and organs promptly resulted in disablement of the 
eelworm, thereby making possible early extension of assimilative 
hyphae from the infective body throughout the. fleshy interior. 
Where a nematode, after breaking the stalk, moved some distance 
from the predacious mycelium before succumbing to infection, its 



60 


Mycologia, Vol. 42 , 1950 


substance was utilized by the fungus to put forth from the rings one 
or more external hyphae that grew out to establish a new tract of 
predacious mycelium (fig. 3, X, b). 

The knobs were never observed taking any part in the destruction 
of eelworms. It may be presumed that in this species as also in 
Dactylella lysipaga, Dactylaria haptospora, and Dactylaria Candida, 
these relatively small organs are designed to function under con¬ 
ditions somewhat different from those suitable for the operation 
of non-constricting rings—under conditions apparently not often 
occurring in agar plate cultures of the sort employed by me. Al¬ 
though the mycelium bearing the two kinds of predacious organs 
was kept under observation until it degenerated from age, it has 
not so far been found giving rise to conidiophores and conidia, nor 
has it been seen associated with any other type of reproductive ap¬ 
paratus. The fungus would appear distinct from Anulosporium 
nematogcmmi Sherbakoff (30) in view of the larger dimensions of 
its rings. Its further characterization is deferred until the dis¬ 
covery of a coni dial stage may permit reference to the proper genus 
in the predacious series of hyphomycetes. 

GONATOHOTRYS SIMPLEX AND ITS RELATIONSHIP TO THE PRE¬ 
DACIOUS HYPHOMYCETES 

In the classic “Pracht-Flora'' wherein Corda (9) more than a 
century ago published the original account of his Arthrohotrys 
superha he likewise presented the original description of his 
Gonatobotrys simplex. The two fungi were set forth as being sim¬ 
ilar in their development of conidiophores with swollen nodes, in 
the spiral arrangement of warty sporiferous protuberances on the 
nodes, and in their production of oblong spores in successive capi¬ 
tate clusters. Owing, however, to difference in cellular make-up 
of their spores each was presented, in conformity with the require¬ 
ments of taxonomic practice, as the type of a separate new mu- 
cedinous genus; unseptate conidia being thereby specified for the 
genus Gonatobotrys, and uniseptate conidia for Arthrohotrys. 
De Bary made the two genera more familiar by citing them to¬ 
gether, in both editions of his well known manual on fungi (1: 46, 
47; 2: 50), as exemplifying successive development of conidial 
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clusters on a repeatedly prolonged conidiophore. The unseptate 
conidia specified for it gave occasion for assignment to Gonato- 
hotrys of such diverse species as G. microspora Rivolta (28) and 
G. pallidula Bresadola (5) : the former, with its continuous my¬ 
celium, having subsequently been recognized as a phyconiycete and 
enrolled among the Mucorales under the binomial Cunninghamella 
microspora (Riv.) Matruchot (26: 56; 31: 168) ; whereas the lat¬ 
ter, with clamp-connections in its mycelial filaments, has been trans¬ 
ferred to the resupinate i)asidiomycetes as Pcniopliora pallidula 
(^Bres.) Bres. apud Bourdot et Galzan (4, 29). Neither the un¬ 
happy application of Gonatobotrys, nor the persistent confusion of 
Arthrohotrys oliyospora with Trichothcciuni roseum T.ink to which 
some di'Cussion was given earlier (12: 469-472), can be held to 
have upset the parallelism pointed out by C orda, as far as this 
parallelism concerns forms wherein the sporiferous and mycelial 
hyphae are divided by ordinary cross-walls. The possibility is 
not to be dismissed that among septate clampless hyphomycetes 
such parallelism might in some instances, if not generally, derive 
from close kinship, and thus might be associated with biological 
similarities. For this reason, after A, sitpcrba, together not only 
with A. oliyospora and other congeners but also with many related 
hyphomycetes producing multiseptate spores of various sizes and 
shapes, was found subsisting habitually through capture of nema¬ 
todes, cultures infested with eelworms have been observed closely 
for the development of predacioits fungi referable to Gonatobotrys. 
In the course of more than a decade, however, no clampless hy- 
phomycete bearing unicellular conidia in successive or in solitary 
clusters has ever been found preying on eelworms in infested agar 
cultures planted with decaying vegetable materials of different 
kinds. Therefore, when some years ago a true Gonatobotrys ap- 
])eared abundantly on tomato (Lycopersicon esculcntum Mill.) and 
muskmelon {Cucumis welo L.) leaves in the laboratory, oppor¬ 
tunity was taken to try it out on nematodes, and also to grow it in 
pure culture for comparison with familiar members of the preda¬ 
cious series of clampless hyphomycetes. 

The muskmelon leaves here in question were gathered in a field 
near Baltimore, Maryland, on July 13, 1942, and bore large dry 
lesions due evidently to Alternaria cuenmerina (Ell. & Ev.) J. A. 
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Elliott. Rather similar lesions attributable to the early-blight 
fungus, Alternaria Solani (Ell. & Martin) Sor., were present on 
the tomato leaves when these were collected in a field near Belts- 
ville, Maryland, on July 25, 1942. Soon after their removal from 
the plants the leaves were arranged in a moist chamber and stored 
at a temperature of 18"^ C. On examining them 10 days later they 
were found covered extensively with several different molds. The 
Gonatohotrys appeared as a white compact layer covering irregular 
patches mostly 1 to 5 square centimeters in area. Tt offered to the 
naked eye a delicately granular appearance; the individual granules 
becoming recognizable under the microscope as conidial clusters 
{ FTC. 15, a-e) borne at intervals of 20 to 100 ^ on erect or droop¬ 
ing coni'’iophores mostly 4.5 to 7 /x wide. When small tracts of the 
sporulating layer were mounted in water under a cover-glass, vir¬ 
tually all mature conidia became abjointed from the conidiophores, 
exposing to view the denuded nodes, usually 8 to 12ju. wide, and 
beset with truncated wart-like protuberances (ktg. 15, /?, a~d). In 
pure culture on maizemeal agar the conidiophores frequently bore 
at some little distance below the expanded s])orifcrous tip (fic. 15, 
C, a) one or more lateral branches each of which similarly termi¬ 
nated in a fertile tip often perceptibly swollen (ftg. 15, C, h, c). 
Such branching, as a rule, was associated with less abundant de¬ 
velopment of spore clusters on the repeatedly prolonged axial hypha. 
Older conidiophores, both in pure culture (fig. 15. D, a) and on 
the softened leaves (fig. 15, E, j), often declined to the substratum, 
and would then send up an erect branch (fig. 15, D, h; E, b) in a 
position usually a little removed from any of its nodes (fig. 15, D, 
c; E, r). Through the production of spore clusters at successive 
nodes (fk;. 15, D, d, c; E, d, e) these branches served as secondary 
conidiophores. 

The development of the several conidia in a cluster appears here 
more strictly simultaneous than in any of the species of Ar- 
throhotrys and Dactylaria that are known to capture eelworms. 
At the earliest stage in the formation of a cluster the distended tip 
of the conidiophore is found bearing from twenty to thirty pro¬ 
tuberances, all equally minute (fig. 15, D, e) ; the appearance then 
given recalling young sporophores of Cunninghamella echinulata 
(Matr.) Thaxter. Growth of the protuberances proceeds steadily. 
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each of them keeping pace accurately with the enlargement of its 
fellows (fig. is, a, e; E, e), so that all reach definitive size and are 
ready to be abjointed as conidia at the same time (fig. I5y A, a^-d). 
Conidia produced on tomato and muskmelon leaves are generally of 
an elongated obovoid shape though noticeably apiculate at the ])asal 
end (fig. 15, F, a-a; G, a-o; H, Or-z: /, a-h). They measure com¬ 
monly from 12 to 29 /x in length and from 7 to 13.5 /a in greatest 
width. Conidia ])roduced in pure culture on maizemeal agar are 
of more broadly obovoid conformation and of smaller dimensions, 
their length varying ordinarily from 11 to 15 /a, and their greatest 
width from 7 to 10 /a (fig. 15. J, Or-o), The unseptate condition is 
always characteristic of the conidia, regardless of the substratum 
on which they are formed. However, in some mounts of material 
produced on tomato leaves a few uniseptate specimens (fk;. 15, K, 
a, b) were found among many thousands wherein a cross-wall was 
lacking. These closely resembled the conidia of Arthrohotrys sh- 
l>crha and may, perhaps, have been present as an incidental admix¬ 
ture of that species. 

In pure culture on maizemeal agar the fungus grows more slowly 
than the larger number of clampless hyphomycetes that are known 
to subsist by capturing eelworms. Nevertheless in 10 to 15 days 
it usually gives rise to aerial hyphae and conidiophores in easily 
recognizable quantity. To the naked eye the aerial weft offers a 
fairly pronounced orange coloration decidedly deeper in shade than 
the pink coloration characteristic of the conidial apparatus formed 
so abundantly in pure cultures of Dactylaria polycephala. When 
sizable portions of agar permeated with young mycelium of the 
fungus were transferred to agar plate cultures infevSted with various 
eelworms, amoebae, and testaceous rhizopods, no predacious or 
parasitic characteristics came to light. From such trials, however, 
it might be premature to deny all possibility of the fungus subsisting 
on animals, since in pure culture its mycelial hyphae are regularly 
found bearing globose or digitate lateral branches that consist com¬ 
monly of one (fig. 15, L, a-c; M, a-j; N, Or-e; 0, a^e; P, Or-i) or two 
(fig. 15, L, d; M, k, 1; N, f; O, f) cells, and thereby in some degree 
resemble the adhesive outgrowths of Dactylella cionopaga. 
Though these curious lateral branches have shown no efficacy for 
the destruction of the few types of animals present in my ctfltures, 
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the large variety of minute animals capable of multiplying on the 
lower leaves of vegetable crop plants, especially during prolonged 
periods of wet weather, might well offer scope lor many biological 
relationships not hitherto revealed to sight. 

As my fungus when developing on leaves in the dark at a tem¬ 
perature of 18° C. agrees rather well with Corda’s description of 
Gonatobotrys simplex, it is assigned to that ancient species,—the 
assignment appearing further justified through observations by 
Coemans (7), Harz (23), and Matruchot (2S) which show that 
wide variability with respect to coloration and branching is usual 
here. On grounds of priority Corda’s binomial seems preferable to 
some others with which it has been held synonymous; for Gonato¬ 
botrys clearly antedates the genus Oedocephalum Preuss (27: 131) 
as well as the genus Desmotrichum Leveille (24), while similarly 
the species G. simplex antedates G, flava Bon. (3 : 105), G. ramosa 
Riess ex Fresenius (21), and Oedocephalum roseum Cooke (8). 
The relationship of the fungus to Arthrobotrys and to the series of 
clampless predacious hyphomycetes remains problematical. Al¬ 
though the general parallelism in manner of conidial development 
argues for kinship, the protoplasm in the conidiophore seems of 
markedly different texture from that in most mucedinous forms 
known to capture eelworms. Woronin bodies are either absent 
here or far less readily discernible than in the familiar species of 
Arthrobotrys, The rather distinctive odor given off by maizemeal- 
agar cultures of all known nematode-capturing species of Ar¬ 
throbotrys has never been detected in any cultures of the Gonato¬ 
botrys, 

Since Corda set forth Gonatobotrys simplex as growing parsiti- 
cally on Helmisporium tenuissimum Nees, it was deemed appropri¬ 
ate to try out my fungus on two dematiaceous forms— Alternaria 
Solani and Alternaria tenuis Nees—that developed abundantly 
nearby on the same tomato leaves. Accordingly sizable portions 
of agar well permeated with young mycelium were taken from 
pure cultures of the Gonatobotrys and placed on maizemeal-agar 
plate cultures of the two species of Alternaria, In these trials the 
Gonatobotrys showed no capacity for parasitizing the two demati¬ 
aceous forms. 
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EXPLANATION OF FIGURES 

Fig. 1. Dactylella stcnobrocha as found developing in nematode-infested 
agar plate cultures; drawn to a uniform magnification with the aid of a 
camera lucida; X 500 throughout. A, Portion of mycelial hypha bearing an 
open predacious ring in its original position. B-E, Portions of hypha, each 
bearing an open predacious ring that is turned sideways, thereby showing 
advantageously its three arcuate cells and the two cells making up the stalk. 
F, Longer portion of hypha bearing two open predacious rings, a and b, that 
are turned sideways, thereby revealing their cellular make-up advantageously. 
Gf Portion of hypha bearing a predacious ring that has closed emptily with¬ 
out capturing an eelworm; the ring being turned sideways shows advan¬ 
tageously the shape and vacuolate condition of the contracted arcuate cells. 
H, Portion of hypha with a ring that has contracted in capturing a specimen 
of Plectus sp.; two stout protuberances, one extending from the closed ring 
forward within the animal, and the other extending from the closed ring 
backward within the animal, represent assimilative hyphae in an early stage 
of.development. I, Portion of hypha with a ring that has contracted in 
capturing a specimen of Plectus sp.; the two assimilative hyphae, one extend¬ 
ing forward and the other backward within the animal, have attained their 
definitive length, with each showing some swelling of its terminal segment 
J, Portion of hypha bearing a closed ring that holds a captured specimen of 
Plectus sp.; the two long assimilative hyphae extending to the animars head 
and tail, respectively, each show some enlargement of the two terminal seg¬ 
ments and the pronounced vacuolization of all segments Miat conies with 
advanced exhaustion of fleshy substance. K, Portion of prostrate hypha, a, 
with two erect conidiophores, b and c, whereon are borne the conidia d and e, 
respectively; each conidiophore being shown, from want of space, in three 
parts whose proper connection is indicated by broken lines. L, Portion of 
prostrate hypha, a, with a fallen conidiophore, 6, that has given rise to an 
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erect secondary conidiophore, c, which bears at its tip the well developed 
conidium d; the conidiophore c being shown, from lack of space, in three 
parts whose proper connection is indicated by broken lines. M, Short basal 
portion of a fallen conidiophore, a, from which has been sent up the erect 
secondary conidiophore b, bearing terminally a conidium, c; the conidiophore 
b being shown, from lack of space, in three parts whose proper connection is 
indicated by broken lines. Nj Mature detached conidia showing usual varia¬ 
tions in size and shape, together with variations in number and position of 
septa as follows: a-c, single septum near the proximal end; d-o, two septa 
near the proximal end; p-s, two septa symmetrically placed, one near the 
proximal end, the other near the distal end; t-s, three septa, two near the 
proximal end, one near the distal end. O, Two conidia, a and b, each with 
three septa placed near the proximal end. 

Fig. 2. Dactylella stenobrocha as found developing in nematode-infested 
agar plate cultures; drawn to a uniform magnification with the aid of a 
camera lucida; X 500 throughout. A, Portion of mycelial hypha bearing two 
predacious rings, a and b, in their original positions. B-E, Portions of hypha, 
each bearing a predacious ring that is turned sideways, thereby showing its 
cellular make-up advantageously. F, Short portion of hypha with a closed 
predacious ring nearly in its original position. G, Portion of hypha with a 
predacious ring that has closed in capturing a specimen of Plectus sp.; no 
penetration into the animal has yet taken place. //, Portion of hypha whereon 
is borne a predacious ring, a, that closed in capturing a specimen of Piecing sp. 
and then invaded the animal w'ith three assimilative hyphae, two of which are 
rather markedly distended in their two terminal segments; nearby is attached 
a second predacious ring, b, that has closed emptily without capturing any 
eelworm. /, Portion of hypha with a predacious ring that has closed in 
capturing a specimen of Plectus sp., and has extended an assimilative hypha 
forward, and another one backward through the animal’s body; the last two 
segments of the hypha directed forward each showing marked enlargement. 
J, Portion of hypha with a predacious ring that has closed in capturing a 
specimen of Plectus sp., and has given rise to assimilative hyphae extending 
forward and backward through the animal’s body; a, anastomosis of two 
assimilative hyphae. K, L, Portions of prostrate hypha, each with an erect 
conidiophore, a, near the tip of which is shown a conidium, 6, that was ab- 
jointed from it; the conidiophore a in each instance is shown, from lack of 
space, in three parts whose proper connection is indicated by broken lines. 
M, Mature detached conidia, showing usual variations in size and .shape, 
together with variations in number and position of septa as follows: a, single 
septum near basal end; 6-tn, two septa near the basal end; n, o, two septa 
symmetrically placed, one near the proximal end, the other near the distal 
end; p-s, three septa, two of them near the proximal end, the other near the 
distal end. N, Conidium with three septa, two of them near the proximal end, 
the other one near the distal end. O, Detached triseptate conidium that has 
sent up an aerial hypha from its small apical segment. P, Detached biseptate 
conidium that has sent up an aerial hypha from its basal segment, Q, Ab- 
jointed triseptate conidium that has sent up two aerial hyphae, one from its 
small parabasal segment, the other from its small apical segment. P, De- 



Drechsler: Dactylella and Dactylaria 


69 


tached conidium that has put forth a germ tube from a position next to 
its base. 

Fig. 3. Drawn to a uniform magnification with the aid of a camera lucida; 
X 500 throughout. A, B, Portions of hyphae, each with a denuded conidio- 
phore of Dactylella sttmobrocha as found in nematode-infested agar plate 
cultures; each conidiophore being shown, from a lack of space, in three parts 
whose proper connection is indicated by broken lines. C-H, Dactylella steno- 
brocha as found developing in pure culture on maizemeal agar: C-E, Por¬ 
tions of hyphae, each with a conidiophore from whose tip a single conidium 
has been abjointed. F, Uniseptate conidia, a-o, showing usual variations in 
size and shape. G, Biseptate conidia showing usual variations in size and 
i.hape, some of them (a-/? ) having both cross-walls placed near the proximal 
end, and others (i-/>) having one cross-wall near each end. H, Triseptatc 
conidium. /, Detached conidium of Dactylella aphrobrocha produced in a 
nematode-infested agar plate culture that had been planted with deciduous 
leaf mold gathered near Fairfax, Virginia, in November, 1942. J-R, Dac¬ 
tylella ett^nopaga as found developing in nematode-infested agar plate cultures 
that had been planted with deciduous leaf mold gathered near Butternut, 
Wisconsin, in September, 1938: /, Portion of hypha bearing a simple three- 
celled predacious outgrowth, a, and a branched seven-celled predacious out¬ 
growth, b. K, Portion of hypha with three predacious outgrowths, o-c, to 
which is affixed a small stylet-bearing nematode; a globose infective body 
intruded from the two-celled outgrowth c has given rise within the animal 
to a growing assimilative hypha. L, Portion of hypha with four predacious 
outgrowths, a-d, of which three (b-d) have jointly captured a small nematode 
(probably referable to Pleclus sp.) and have each intruded a bulbous infec¬ 
tive Ixxly into the captive; the several assimilative hyphae extended from the 
infective bodies have become joined through vegetative fusion. M, N, De¬ 
tached triseptatc conidia. O-Q, Detached quadriseptate conidia. R, Quadri- 
septate conidium germinating by two polar germ tubes. S-X, Unnamed 
hyphomycete found capturing nematodes in agar plate cultures that had been 
planted with leaf mold gathered near (Greensboro, North Carolina, in De¬ 
cember, 1947. S, T, Portions of mycelial hyphae, each bearing a non¬ 
constricting ring. U, Portion of mycelium bearing a non-constricting ring, 
a, and a globose adhesive cell, b. F, Portion of hypha with a non-constricting 
ring. IV, Portion of hypha with a non-constricting » ing that after having 
operated in capturing a nematode (possibly referable to IVilsonema sp.) 
has intruded into the animal a globose infective body from which four assimi¬ 
lative hyphae are being extended lengthwise through the fleshy interior; the 
narrow stalk, a, originally supporting the ring has been evacuated distally, 
and a new connection, b, has been formed. X, Small eel worm that after 
being captured in a non-constricting ring, a, tore loose the encircling organ 
but was nevertheless later killed through intrusion of a globose infective body 
from which it was then invaded throughout by assimilative hyphae; a mycelial 
hypha, b, grew out externally from the ring. 

Fig. 4. Dactylella aphrobrocha as found developing in nematode-infested 
agar plate cultures; drawn to a uniform magnification with the aid of a 
camera lucida; X 500 throughout. A, Portion of hypha bearing a large pre¬ 
dacious ring in its original position. B, Portion of hypha bearing an open 
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predacious ring, a , in its original position, and another such ring, b , displaced 
sideways a little; the stalk supporting ring b is unusual in length, and in 
being composed of three cells. C, Portion of hypha with two open predacious 
rings, a and b , both being turned sideways out of their original positions. 

D , Portion of hypha bearing an open predacious ring of relatively small size. 

E, Portion of hypha with a rather large open predacious ring that is turned 
sideways a little, F-H, Portions of hypha, each bearing an open predacious 
ring that is turned flatwise, thereby advantageously showing its cellular 
make-up. 7, Portion of hypha with two open predacious rings, a and b , 
both being turned flatwise. /, Portion of hypha with a closed predacious 
ring that is turned flatwise. K, Portion of hypha with a predacious 
ring that has closed in capturing an eel worm (possibly referable to Plectus 
parvus Bastian) and has given rise to assimilative hyphae within the animal. 

L, Portion of hypha with a predacious ring that after capturing an eelworm 
has extended several assimilative hyphae lengthwise through its body; these 
hyphae have very nearly exhausted the animars fleshy substance, and are 
becoming vacuolate from transfer of protoplasm to the external mycelium. 

M, N, Portions of prostrate hyphae, each bearing an erect conidiophore, a. 
near the tip of which is shown a conidium, b, that was abjointed from it; 
the conidiophore a being shown in each instance, from lack of space, in three 
parts whose proper connection is indicated by broken lines. O, Random 
assortment of detached mature conidia, showing usual variations in size and 
shape, together with variations with respect to number and position of septa 
as follows: a - c , three septa present, two of them placed near the proximal 
end, and one near the tip; d, three septa present, one of them placed near the 
proximal end, and two near the tip; e-s, four septa present, in symmetrical 
arrangement, two being placed near each end. P, Q, Symmetrically quadri- 
septate conidia, each of which has extended an aerial hypha from its rather 
small parabasal cell. R, Symmetrically quadriseptate conidium that has put 
forth two aerial hyphae, one from the penultimate segment, the other from 
the parabasal segment. S, T, Symmetrically quadri septate conidia, each 
germinating by putting forth a germ tube from its basal and its apical cell. 

Fig. 5. Dactylella aphrobrocha as found developing in nematode-infested 
agar plate cultures; drawn to a uniform magnification with the aid of a 
camera lucida; X 500 throughout. A, Portion of mycelial hypha bearing a 
large open predacious ring in its original position. D, Portion of hypha with 
an open predacious ring that has been turned sideways to a considerable de¬ 
gree. C-77, Portions of hyphae, each with an open predacious ring that is 
turned flatwise, thereby showing advantageously usual variations in size and 
shape of the arcuate cells, the stalk cells, and the aperture. 7, Several suc¬ 
cessive stages in the formation of a predacious ring; a , simple branch of cir- 
cinate curvature, with two cross-walls delimiting the two cells of the stalk; 

b , same branch IV2 hours later, showing its tip directed toward the tip of 
a secondary spur that is growing out from the distal segment of the stalk; 

c , same branch 30 minutes later than b , showing its tip in contact with the 
tip of the spur, and presence of a third cross-wall, which delimits the proximal 
arcuate cell; d, same branch 30 minutes later than c , showing fusion of tip 
and spur, and continued homogeneous appearance of protoplasmic contents 
throughout the ring and its stalk; e, same branch 17 hours later than d. 
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showing completed ring in functional condition, each of the arcuate cells 
containing an irregular elongated lacuna of obscurely globulose or foamy 
composition. /, Portion of hypha with a rather small predacious ring in 
lateral view; the stalk here being exceptional in consisting of three cells. 
K, Portion of hypha with a predacious ring which after capturing a small 
cclworm (possibly referable to Plectus parvus) has given rise to young 
assimilative hyphac within the animal. L, Portion of hypha with a predacious 
ring which after eapturing a small eelworm has given rise to assimilative 
hyphae extending lengthwise through the animal. M, Portion of mycelium 
with a predacious ring which after capturing an eelworm of larger size has 
given rise to assimilative hyphae extending lengthwise through the animal; 
i!ie stalk a originally supporting the ring having suffered injury, a new con¬ 
nection, /;, has been formed lietween the mycelial hypha and one of the 
swollen cells. N, Portion of hypha with a predacious ring which after captur¬ 
ing an eelworm gave rise to assimilative hyphae extending lengthwise 
ilirough its body; the original .stalk, a, and two of the swollen cells having 
incurred lestructive injury, a new hyphal connection, />, has been formed 
between the parent mycelial filament and the irregular proximal infective cell 
of the assimilative hyphal system. (9, Portion of prostrate hypha bearing 
an erect conidiophore, a, which on its axial lip and on the tip of a branch, b, 
bore the conidia c and d, respectively; the conidiophore, from lack of space, 
being shown in three parts whose proper connections are indicated by broken 
lines. P, Random assortment of conidia, showing usual variations in size 
and shape, together with variations in number and position of septa as fol¬ 
lows : a-c, three septa present, whereof two are placed near the proximal end, 
and one near the distal end; d-7v. four septa present in symmetrical arrange¬ 
ment, two being placed near each end. 

Fig. 6. Dactylella cinnopa(/a drawn to a uniform magnification with the 
aid of a camera lucida; X 500 throughout. A, B, Portions of hypha, each 
bearing a unicellular dome-shaped adhesive outgrowth. C, Portion of pros¬ 
trate hypha bearing a unicellular columnar adhesive outgrowth, a, two bi- 
cellular adhesive outgrowths, b and c, and a five-celled adhesive arch, d. 
P, Portion of prostrate hypha bearing a four celled columnar adhesive out¬ 
growth, a. together with a three-celled adhesive arch, b, and a .six-celled 
adhesive arch, c; the adhesive arch b is surmounted by a two-celled adhesive 
process. H, Porticjii ()f prostrate hypha with a low adhesive protuberance, a, 
arising from one of its segments; on the hypha are borne further a two-celled 
adhesive outgrowth, b, three four-celled columnar adhesive outgrowths, c-e, 
and an eight-celled network of two meshes, /. F, Portion of prostrate hypha 
with a six-celled adhesive outgrowth. G, Portion of hypha with a three- 
celled adhesive outgrowth which after capturing a slender eelworm (possibly 
referable to PIcefus sp.) has intruded three bulbous excrescences into the 
animal; the excrescence intruded from the basal segment having given rise 
to a short, growing assimilative hypha. 11, Portion of prostrate hypha with 
a three-celled adhesive process that after capturing a slender eelworm has 
intruded into the animal a bulbous excrescence from which a short, growing 
assimilative hypha has been extended. I, Portion of prostrate hypha bearing 
a two-celled columnar adhesive outgrowth that after capturing a slender 
eelworm has intruded into the animal a bulbous excrescence from which one 
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assimilative hypha has been extended forward and another backward through 
the fleshy body. J, Portion of prostrate hypha with two bicellular adhesive 
outgrowths, a and h, each of which has intruded a bulbous excrescence into 
a slender eel worm that they had captured jointly; assimilative hyphae have 
begun growing out from each of the intruded bodies. K, Portion of prostrate 
hypha with a unicellular adhesive outgrowth, a, and a two-celled adhesive 
outgrowth, &, which have each intruded a bulbous excrescence into a slender 
eelworm captured jointly by them; assimilative hyphae extended from the 
two bulbous bodies have become united by an anastomosing connection, c. 
L-N, Portions of prostrate hyphae, each bearing an erect conidiophore from 
which a conidium has been abjointed. 0, Mature detached conidia, showing 
usual variations in size and shape, together with variations with respect to 
septation as follows: a, two cross-walls present; b-f, three cross-walls pres¬ 
ent ; / 7 -n, four cross-walls present; o, p, five cross-walls present; q, six cross¬ 
walls present. P, Fallen conidium that has put forth a two-celled adhesive 
outgrowth, a, from its distal end. Q, R, Fallen conidia, each of which has 
put forth one two-celled adhesive outgrowth, a, from its proximal cell, and 
another, b, from its distal cell. 5*, Fallen triseptate conidium which has 
given rise directly to three sessile adhesive outgrowths, a-c, besides putting 
forth at its proximal end a stout hypha that bears on the side a unicellular 
adhesive process, d, and at the tip has a two-celled adhesive part, e. T, 
Fallen conidium which at one end has put forth directly a sessile adhesive 
outgrowth, a, shown as viewed endwise, and at the other end has produced a 
stout hypha bearing two bicellular adhesive outgrowths, b and r. 

Fig. 7. Dactylella cionopaga, drawn to a uniform magnification with the 
aid of a camera lucida; X 500 throughout. A, Portion of mycelial hypha 
bearing a two-celled columnar adhesive outgrowth, a, and a three-celled 
columnar adhesive outgrowth, b. B, Portion of mycelial hypha whereon arc 
borne a unicellular adhesive outgrow^th, a, a two-celled columnar adhesive 
outgrowth, b, and a six-celled adhesive arch, c. C, Portion of prostrate hypha 
with a five-celled adhesive arch formed by distal union of two outgrowths. 
D, Portion of prostrate hypha bearing in addition to an inactive two-celled 
adhesive outgrowth, a, two other adhesive outgrowths, b and c, that have 
been operative in capturing a slender eelworm (possibly referable to Plectus 
sp.) and in intruding globose infective bodies from which assimilative hyphae 
have been extended through the animal. E, Portion of prostrate hypha with 
a two-celled adhesive outgrowth on whose distal cell a well developed eel¬ 
worm is held affixed by means of a visible cushion of glutinous material; 
from the distal cell a globose infective body has been intruded that has given 
rise to growing assimilative hyphae. F, Portion of prostrate hypha with a 
two-celled adhesive outgrowth whose proximal segment is holding captive a 
slender eelworm; from a globose infective body intruded into the animal 
assimilative hyphae are being extended through its fleshy body. (7, Portion 
of prostrate hypha with a two-celled adhesive outgrowth to whose basal 
segment a slender eelworm is held affixed; from the globose infective body 
intruded by the fungus a single assimilative hypha has been extended length¬ 
wise through the animal's body. H, Portion of hypha bearing a three-celled 
adhesive outgrowth, whose proximal and distal segments have both been 
operative in capturing a slender eelworm; each of the two segments has 
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intruded a globose infective body from which one hypha is being extended 
forward and another backward through the animal's body. I, Prostrate 
hypha with a conidiophore front which a single conidium has been abjointed. 
J, Portion of prostrate hypha with an erect conidiophore, a, on which were 
produced the two conidia b and c, each of them shown with its basal end 
close to the position where it had been attached. K, Detached conidia show¬ 
ing usual variations in size and shape, together with variations in septation 
as follows: a, two septa present; b-i, three cross-walls present; j-r, four 
cross-walls present in symmetrical arrangement, two small cells being placed 
above and two small cells being placed below a large median cell; s, t, four 
cross-walls present, with the largest cell placed in penultimate position; Ur-w, 
five cross-walls present. L, Detached conidium that has put forth a uni¬ 
cellular adhesive outgrowth, a, from its basal cell. M, Detached conidium 
that has put forth one two-celled adhesive outgrowth, a, directly from its 
apical cell, and has extended from its tip a short stout hypha whereon is 
borne perpendicularly another two-celled adhesive outgrowth, b. N, De¬ 
tached c'.nidium that has put forth a two-celled adhesive outgrowth, a, from 
its tip, and from its basal cell has given off a unicellular adhesive outgrowth, 
bj as well as a four-celled adhesive outgrowth, c. 

Fig. 8. Dactylaria cudermata, as found developing in nematode-infested 
agar plate cultures; drawn to a uniform magnification with the aid of a 
camera lucida; X 500 throughout. A~D, Portions of mycelial filaments, each 
bearing an adhesive hyphal network. E, Wide mycelial filament bearing a 
hyphal network, which, after being operative in capturing a sharp-tailed 
eelworm, a, intruded a globose infective body that has given rise to assimila¬ 
tive hyphae extending lengthwise through the fleshy interior; portion of 
the empty integument of a nematode that had been captured and depleted of 
its substance earlier; c, fusion of two assimilative hyphae. F, Portion of 
prostrate hypha with an erect conidiophore, a, from the tip of which has 
been abjointed a single conidium, b; the conidiophore being shown, from 
lack of space, in three parts whose proper connection is indicated by broken 
lines. G, Small portion of mycelial hypha with the proximal portion of a 
fallen conidiophore from which has been sent up a secondary conidiophore, a, 
that produced at its tip the conidium b; the conidiophore is shown, from lack 
of space, in three parts whose proper connection is indicated by broken lines. 

H, Detached mature conidia, a-t, showing usual variations in size and shape. 

I, Detached conidium that has sent up two slender aerial hyphae, a and b, 
from its parabasal cell, and one similarly slender aerial hypha, c, from its 
apical cell. 

Fig. 9. Dactylaria eudermata, as found developing in nematode-infested 
agar plate cultures; drawn to a uniform magnification with the aid of a 
camera lucida; X 500 throughout. A, Portion of stout mycelial filament 
bearing a small adhesive network consisting of only two meshes. B, Portion 
of stout mycelial filament bearing a more extensive adhesive network. C, 
Successive stages in the closure of an adhesive hyphal bail: a, portion of 
mycelial filament bearing a completed hyphal bail to which a second hyphal 
bail is being added; as the elongating recurved uniseptate branch approaches 
distally the hyphal bail from which it originated the segment toward which 
its tip is directr^ extends a protuberance to meet it; h, same predacious ap- 
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paratus 40 minutes later than in a, the protuberance and the tip of the re¬ 
curving branch now being in contact; c, same predacious apparatus 20 minutes 
later than in b, showing fusion of the protuberance and the recurved branch; 
d, same predacious apparatus 2Vz hours later than in c» showing one septum 
formed near place of union and another septum formed about 20 M backward, 
so that the completed hyphal bail is divided into three segments of about equal 
length. D, Portion of stout mycelial filament bearing an adhesive hyphal 
'network in which a sharp-tailed eelworm (possibly referable to Rhabditis 
sp.) has been captured; the network has intruded three globose infective 
bodies from which assimilative hyphae, numbering six in all, are growing 
lengthwise through the animal. E, Portion of prostrate hypha bearing an 
erect conidiophore, a, that bore three conidia, one having been abjointed from 
the axial tip, b, another from the tip of a primary branch, c, and a third 
from the tip of a secondary branch, d; the conidiophore being shown, from 
lack of space, in three parts whose proper connection is indicated by broken 
lines. F, Portion of prostrate hypha with an erect conidiophore, a, that bore 
four conidia, one having been abjointed from the axial tip, b, two from tips 
of primary branches, c and d, and a fourth from the tip of a secondary 
branch, e; the conidiophore being shown, from lack of space, in three parts 
whose proper connection is indicated by broken lines. G, Mature detached 
conidia, a-y, showing usual variations in size and shape. H, Kmpty envelope 
of conidium that has yielded its contents to the mycelial hypha with which 
it is fused. 

Fig. 10. Drawn to a uniform magnification with the aid of a camera 
lucida; X 500 throughout. A-F, Dactylaria endermata as found in nematode- 
infested agar plate cultures: A, Portion of mycelium bearing an adhesive 
network in which a sharp-tailed eelworm (possibly referable to Rhabditis sp.) 
has been captured; a globose infective body is being intruded into the living 
captive. B, Portion of hypha bearing an adhesive network in which a sharp¬ 
tailed eelworm has been captured; from the single large bulbous infective 
body intruded by the fungus, assimilative hyphae have been extended length¬ 
wise through the animal. C. Portion of prostrate hypha whereon is borne 
a conidiophore, a, from the tip of which a single conidium, b, has been ab¬ 
jointed; the conidiophore being shown, from lack of space, in three parts 
whose proper connection is indicated by broken lines. D, Detached conidia, 
most of them (a-c) divided by three cross-walls, but one (/) containing only 
two cross-walls. E, Conidium germinating by production of two germ tubes, 
one being extended from the basal end, the other arising laterally from the 
parabasal segment. F, Conidium that after fusing with a mycelial hypha has 
been emptied through transfer of its contents to the mycelium. G-M, Dac¬ 
tylaria eudermafa as found in pure culture on maizemeal agar: G, Detached 
conidia, showing variations in size and shape, together with variations in 
number and position of septa as follows: o-c, three septa present, with the 
largest cell placed in penultimate position as in most conidia produced in 
nematode-infested cultures; d-m, two septa present, with the largest cell 
being terminal in position; n-q, one septum present, with the larger cell 
being in distal position. //, Conidium that has put forth an aerial hypha 
from its small parabasal cell. /, Conidium that has germinated by extending 
a germ tube from its minute basal segment. J, Conidium germinating by 
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putting forth one germ tube from its small basal cell, another from its 
slightly larger parabasal cell, and a third from its small apical cell. K, 
Conidium gjjrminating by putting forth one germ tube from its rather small 
parabasal cell, and another from its small apical cell. L, Conidium that after 
becoming fused with a mycelial hypha, was emptied by transfer of contents 
to the mycelium. M, Conidium that after becoming fused with a mycelial 
hypha, has been nearly emptied through transfer of contents to the mycelium. 
N-P, Conidial apparatus, presumably belonging to Dactylaria cudermata, that 
was found in a nematode-infested culture: N, Fallen conidium from which 
have arisen two conidiophores, a and b, each bearing three unicellular sec¬ 
ondary conidia. O, Tip of a conidiophore sent up from a fallen conidium 
resembling that shown in N; from this tip and its lateral prolongation were 
abjointed seven unicellular secondary conidia. P, Detached unicellular sec¬ 
ondary conidia, Or-c. 

Fig. 11. Dactylaria haptotyla, as found developing in nematode-irfected 
cultures; drawn to a uniform magnification with the aid of a camera lucida; 
X 500 thiuughout. A, Portions of mycelial hyphae, each bearing a predacious 
organ consisting of a globose adhesive cell and a unicellular (a, h) or a bi- 
celiular {c~o) stalk. B, Portion of hypha with two predacious organs, a 
and b, both having two-cellcd stalks. C, Portion of mycelium with four 
predacious organs, a~d, each having a two-celled stalk. D, Pt)rtion of hypha 
with a predacious organ whose stalk, on repeated elongation, bore successively 
three adhesive cells, a~c, whereof the two formed earliest, a and b, have 
degenerated. E, Portion of hypha bearing besides the inactive predacious 
organ a, two other predacious organs that have operated jointly in capturing 
a nematode (Panagrolaimus sp.) and have each intruded a globose infective 
body from which assimilative hyphae arc being extended; one of these active 
predaciotjs organs is attached to the mycelium not only by its original stalk, 
b, but also by a supplcmentar> connection, c, while the other organ seems 
attached only by a supplementary connection, d. F, Portion of mycelium 
with a predacious organ, a, that has been operative in capturing a small 
nematode {Panagrolaimus sp.) and has intruded a globose infective body 
from which assimilative hyphae arc being ext^nidcd. G, Portion of mycelium 
with a predacious organ that has been operative in capturing a nematode 
{Panagrolaimus sp.) and has intruded into the captive a globose infective 
body from which assimilative hyphae are being extended; the distal segment 
of the bicellular stalk, a, originally supporting the adhesive cell, having been 
damaged, a supplementary connection, b, has been formed uniting the proxi¬ 
mal segment of the stalk with the adhesive cell. II, Portion of mycelium 
with a predacious organ that has been operative in capturing a nematode 
{Panagrolaimus sp.) and has intruded a globose infective body from which 
assimilative hyphae are being extended; the adhesive cell here is found at¬ 
tached not only by its original stalk, a, but also by a supplementary stalk, h. 
I, Portion of prostrate hypha with an erect conidiophore, a, v/hereon is borne 
a conidium, b. J, Portion of prostrate hypha with an erect conidiophore. a, 
bearing one conidium, b, on its axial tip, and another conidium, c, on the tip 
of a distal spur. K, Portion of prostrate hypha with an erect conidiophore 
from which a single conidium has been abjointed. L, Detached conidia, a~c, 
showing usual variations in size and shape; all containing four cross-walls, 



76 


Mycologia, Vol. 42 , 1950 


with the middle cell, except in s, exceeding the other cells in size. M, De¬ 
tached triseptate conidium that has put forth an aerial hypha. N, O, 
Detached quadriseptate conidia which have each put forth an aerial hypha. 
P, Detached quinqueseptate conidium that has put forth an aerial hypha. Q, 
Detached quadriseptate conidium that has put forth two aerial hyphae. R, 
Two conidia, a and b, that have become fused by means of an anastomosing 
connection. 

Fig. 12. Dactylaria haptotyla, as found developing in nematode-infested 
cultures; drawn to a uniform magnification with the aid of a camera 
lucida; X 500 throughout. A, Portions of mycelial hyphae, each bear¬ 
ing a predacious organ, the adhesive cell of which in some instances, Or-d, 
is supported on a unicellular stalk, and in other instances, e-k, is supported 
on a bicellular stalk. B, Portion of mycelial hypha with two predacious 
organs, a and b. C, Portion of hypha bearing a young predacious organ, a, 
and two fully formed predacious organs, b and c; the stalk in b is common¬ 
place in being composed of two segments, whereas that of c is exceptional in 
consisting of three segments. D, Portion of hypha bearing besides an inactive 
predacious organ, a, another predacious organ that has operated in capturing 
a nematode (Panagrolaimus sp.) and has begun intruding a globose infective 
body into the animal; the adhesive cell of the active organ is supported by 
the original stalk, b, and also by the supplementary hyphal connection, c. 
E, Portion of hypha with an adhesive organ, a, that has operated in capture 
of a nematode (Panagrolaimus sp.) and has intruded into the animal a 
globose infective body from which assimilative hyphae are being extended; 
the adhesive cell here is connected with the parent hypha only by its original 
stalk. F, Portion of hypha with a predacious organ that has operated in 
capturing a nematode (Panagrolaimus sp.) and has intruded a small infective 
body from which assimilative hyphae are being extended; the adhesive cell 
here is attached to the parent hypha by its original two-celled stalk, a, and 
also by a supplementary connection, h. G, Portion of hypha with a pre¬ 
dacious organ that has operated in capture of a nematode (Panagrolaimus 
sp.) and has intruded a globose infective body from which assimilatfve hyphae 
have been extended lengthwise through the animal; the adhesive cell having 
degenerated, its interior is in part occupied by a prolongation from the sup¬ 
plementary connection, a, which provides now the only communication be¬ 
tween the assimilative hyphae and the external mycelium; at b is shown an 
anastomosis of an assimilative hypha with the tip of one of its branches. H, 
Portion of hypha with two predacious organs that have operated jointly in 
capturing a nematode (Panagrolaimus sp.), and have each intruded a globose 
infective body from which assimilative hyphae have been extended; the stalk a 
originally suporting one of the adhesive cells having degenerated distally, 
a supplementary connection, b, has been formed between the adhesive cell 
and the uninjured proximal segment of the stalk; c, supplementary hyphal 
connection that replaces the stalk originally supporting the other adhesive 
cell; d, e, anastomoses of assimilative hyphae. I, Portion of prostrate hypha 
with two conidiophores, a and b, which support aloft three (c-e) and four 
(/-f) conidia, respectively. J, Portion of mycelium with an erect conidio- 
phore from which three conidia have been abjointed. K, Detached conidia, 
showing usual variations in size and shape, together with variation in septa- 
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tion as follows: a, b, three septa present; c-x, four septa present; y, s, five 
septa present. L-N, Quadriseptate conidia that have each put forth an 
aerial hypha, as usually, from the parabasal cell. 

Fig. 13. Dactylaria sclerohypha, as found developing in nematode-infested 
agar plate cultures; drawn to a uniform magnification with the aid of a camera 
lucida; X 500 throughout. A, Portions of hyphae, Or-q, each bearing a pre¬ 
dacious organ with a two-celled stalk. B, Portion of hypha with two preda¬ 
cious organs, a and b, each having a two-celled stalk, though in b the 
proximal cell extends into the parent hypha. C, Portion of hypha with 
three predacious organs, two of them (a, h) having bicellular stalks, the 
other (r) having a unicellular stalk. D, Portion of mycelium bearing one 
predacious organ, a, with a two-celled stalk, and four other predacious organs, 
h-e, with unicellular stalks; d has been operative in capturing a nematode 
and has intruded a globose infective cell from which assimilative hyphae have 
l)een extended lengthwise through the animal; the predacious organ e, 
together with the two infective cells and the assimilative hyphae it extended 
into a cap‘ured nematode, is shown empty of protoplasmic contents. E, Por¬ 
tion of mycelium bearing two inactive predacious organs (a and b) with 
bicellular stalks, in addition to two predacious organs (r and d) that have 
each operated in capturing a separate eelworm and have each intruded into 
their captive a globose infective body from which assimilative hyphae have 
been extended; both c and d are attached mainly by supplementary connec¬ 
tions ; c, f, anastomoses of assimilative hyphae. F, Portion of hypha bearing 
a predacious organ with a unicellular stalk. G, Portion of hypha bearing 
one inactive predacious organ (a) with a unicellular stalk, and two pre¬ 
dacious organs (b and c) that have each operated in capturing a separate 
nematode and have each intruded a globose infective body from which assimi¬ 
lative hyphae have been extended lengthwise within the animal; both active 
organs (b and c) show develorment of a supplementary hyphal connection; 
d, anastomosis of assimilative hyphae. H, Portion of hypha bearing an 
inactive predacious organ (a) with a unicellular stalk and also a predacious 
organ (b) that has operated in capturing a nematode and has intruded a 
globose infective body from which assimilative hyphae have invaded the 
animal lengthwise. I, J, Portions of mycelium each bearing a predacious 
organ with a two-celled stalk; the proximal cell in b(;th instances extends 
into the parent hypha. K, Portion of mycelium bearing one predacious organ 
(a) with a unicellular stalk and another (/?) with a long four-celled stalk. 
M, Portion of hypha bearing a predacious organ that has operated in captur¬ 
ing a nematode and has intruded a globose infective body from which assimi¬ 
lative hyphae have invaded the animal lengthwise; a-c, anastomoses of 
assimilative hyphae. N, Potion of mycelium bearing a predacious organ 
that has operated in capturing a nematode and has intruded a globose infec¬ 
tive body from which assimilative hyphae have grown lengthwise in the 
animal; the empty distal portion of the two-celled stalk originally supporting 
the adhesive cell has been supplanted by a short supplementary hyphal con¬ 
nection. O, Portion of hypha with a predacious organ that after operating 
in the capture of a nematode has intruded a globose infective body from 
which assimilative hyphae have grown lengthwise thiough the animal; the 
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adhesive cell here is attached by its original two-celled stalk, a, and also by 
a supplementary connection, 6. 

Fig. 14. Dactylaria sclerohypha, as found developing in nematode-infested 
agar plate cultures; drawn to a uniform magnification with the aid of a 
camera lucida; X 500 throughout. A, Portion of prostrate mycelium from 
which has been sent up an erect conidiophore, a, bearing three conidia, b-d. 
B, Portion of mycelium with a prostrate hypha representing apparently a 
fallen conidiophore, a, which has sent up from a proximal segment an erect 
secondary conidiophore, h, bearing eight conidia, c-j, in loose capitate arrange¬ 
ment. C, Erect conidiophore bearing five sterigmata in rather close arrange¬ 
ment, from each of which a conidium has been abjointed; the branching 
hyphac at the base consist largely of proximal portions of older conidiophores 
that have fallen over on to the substratum. D, IVostrate mycelial hypha 
with proximal portions of both the fallen primary conidiophore a, and the 
fallen secondary conidiophore b; from the latter is shown arising a tertiary 
conidiophore, c, with five denuded sterigmata. li, 1\ Distal portions of 
denuded conidiophores i)rovided with sterigmata in numbers of three and 
five, respectively. G, //, Random assortment of detached conidia, a~a, show¬ 
ing usual variations in size, shape, and septation. I, Detached conidium that 
has put forth a predacious organ from its distal end, and an erect aerial hypha 
from its parabasal cell, 7, Detached conidium that has put forth a pre¬ 
dacious organ from its median cell and an erect aerial hypha from its para¬ 
basal cell. AT, Detached conidium that has put forth an erect aerial bypha 
from its parabasal cell. L, Two detached conidia, a and b, united through 
vegetative fusion, that have sent up the conidiophores c and d, respectively, 
which bear the conidia e and /. respectively. M, Cuticle of a captured 
nematode within which the assimilative hyphae and the globose infective body 
have become conspicuously indurated. N, Portion of an extensive branching 
hyphal system consisting mostly of somewhat thick-walled, enlarged, globose, 
indurated cells (or chlamydospores) with globuliferous contents. 

Fig. 15. Gonatobofrys simplex, drawn to a uniform magnification with 
the aid of a camera lucida; X 500 throughout. A, Portion of prostrate hypha 
with an erect conidiophore bearing five conidial clusters a~e; drawn from 
material that developed on a tomato leaf in a moist chamber at 18° C. B, 
Denuded terminal portion of a conidiophore formed on a tomato leaf in a 
moist chamber at 18° C.; the conidiophore shows four noticeably swollen 
nodes, Or-d, beset with truncate protuberances from which conidia have been 
abjointed. C, Denuded conidiophore with a swollen tip, a, bearing truncate 
protuberances from which conidia were abjointed; clusters of conidia likewise 
were abjointed from the swollen tips, b and c, of the two lateral branches; to 
the prostrate hypha from which the conidiophore arises is attached a globose 
unicellular branch, d, and a bicellular branch, c; drawn from a pure culture of 
the muskmelon strain on maizemeal agar; from lack of space the conidio¬ 
phore is shown in three parts whose proper connection is indicated by broken 
lines. D, Portion of primary conidiophore, a, from which a secondary conid¬ 
iophore, b, has been sent up; one denuded sporiferous node, c, is shown in the 
primary conidiophore, and another, d, in the secondary conidiophore; the 
swollen tip e of the secondary conidiophore is beset with conidia in a very 
early stage of development; drawn from a pure culture of the muskmelon 
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strain on maizeincal agar. E, Portion of primary conidiophore, a, from 
which a secondary conidiophore, b, has been sent up; a denuded sporiferous 
node, c, is shown in the primary conidiophore, and another, d, in the secondary 
conidiophore; the swollen tip, c, of the secondary conidiophore is beset with 
young growing conidia; produced on a tomato leaf in a moist, chamber at 
18° C. F (o-rr), G (a-o), Detached conidia showing usual A'ariations in 
size and shape; taken from a tomato leaf that had been kept in a moist 
chamber at 18° C. H I {a-h)y Detached conidia taken from a musk- 

melon leaf that had been kept in a moist chamber at 18® C. /, Detached 
conidia, a-o, as found in a pure niaizemeal-agar plate culture of the musk- 
melon strain seven days after inoculation. K, Two uniseptate conidia, a 
and b, found among a multitude of non-septate conidia produced by the 
fungus on a tomato leaf in a moist chamber at 18® C. L, T^ortion of mycelium 
from a maizemeal-agar culture, showing three unicellular globose branches, 
a-c, and a biccllular branch, d. M, Portion of mycelium from a maizemeal- 
agar culture, showing ten unicellular globose or ellipsoidal branches, a--j, and 
tw(j bicer dar branches, k and /. N, Portion of mycelium from a maizemeal- 
agar culture, showing live unicellular globose or ellipsoidal branches, a c, 
and a bicellular branch, /. O, Portion of mycelium fr()m a maizemeal-agar 
culture, showing four unicellular globose branches, a-d, borne laterally on a 
longish hypha, and two others that are borne separately on a unicellular 
branch, c, and a bicellular branch, /. P, Portitm of mycelium from a maize¬ 
meal-agar culture, showing eight short unicellular branches, a-h, and a 
somewhat longer unicellular branch, i. 



NEW OR NOTEWORTHY FUNGI FROM 
MT. RAINIER NATIONAL PARK * 


Alexander H. Smith and Daniel E. Stuntz 
(with 21 figures) 

As part of a general program involving a manual on the gill- 
fungi of our western United States, which has occupied the senior 
author for a number of years, the collecting season of 1948 was 
spent at Mt. Rainier National Park. The personnel of the ex¬ 
pedition included Mr. Henry Imshaug, the senior author’s as¬ 
sistant, and Mr. Emory Simmons, who was collecting I yrenomy- 
cetes for Prof. L. E. Wehmeyer. The junior author joined the 
party early in July. Laboratory space and living quarters at 
Longmire were provided for us by the Park authorities. • The 
entire personnel of the expedition is greatly indebted to Mr. John 
C. Preston, Superintendent, to Mr. Russell Grater, Naturalist, to 
Mr. Merlin K. Potts, Assistant Naturalist, as well as to Dr. E. T. 
Bodenberg, Ranger Naturalist, for the facilities received and also 
for many helpful suggestions and courtesies which added greatly 
to the efficiency with which we were able to carry out our studies. 

We began work during the last week in June and continued until 
the onset of cold weather and snow at the end of September. The 
season was an unusual one in that, because of frequent rains, the 
woods remained moist all summer. Fleshy fungi were fairly 
abundant until near the middle of September, at which time, be¬ 
cause of a short period without rain, the production of fruiting 
bodies slackened appreciably. Although ample rain came after 
that date, relatively cool temperatures, apparently, retarded any 
further development of fleshy fungi. Although the fall mushroom 

♦ The personnel from the University of Michigan was financed in part by 
grants-in-aid from the Faculty Research Fund of the University of Michigan, 
and in part by the University of Michigan Herbarium. The cost of publish¬ 
ing the excess pages and illustrations was defrayed jointly by the University 
of Michigan Herbarium and the Department of Bditany of the University of 
Washington. 
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flora, characteristically the most prolific one of any season in this 
area, was exceptionally poor, the summer flora was exceptionally 
good. Since the summer agaric- flora of the Cascades as a whole 
is the most difficult to obtain, we felt very fortunate indeed. 
Without a doubt these circumstances are largely responsible for 
the considerable number of new and interesting fungi found in the 
area. Both of us have collected extensively in the Pacific North¬ 
west, but our activities have been limited mostly to spring and fall 
collecting. 

The area which we covered within the Park was relatively 
limited since the richness of many spots required that they be 
visited repeatedly. The lower Nisqually River, below the junc¬ 
tion of ^-Caiitz Creek, was one such area, but the lower Tahoma 
Creek Valley, from where the creek crosses the road to Longmire 
on up to the Tahoma Creek Forest Cam]), was the most outstand¬ 
ing. A majority of our collections came from these two areas. 
A great deal of time was spent working the higher country, but 
the fungous flora which came out as the snow melted was limited in 
extent and i)ersisted until snow came again in the fall. We be¬ 
lieve that this represented an unusual fruiting ])attern which was 
dictated by unusual weather conditions. Only one trip was made 
up the Carbon River Valley, and no collecting was done between 
the Carbon River and Round Pass. Mr. Imshaug spent the 
early part of the season collecting at and above Ohanajiecosh Hot 
Springs. From this it can be readily seen that in spite of making 
over 3500 collections of fleshy fungi, an overall picture of the 
Park flora in this group was not obtained. 

Because we were interested particularly in PsathyrcUa and 
Inocybe respectively a s|)ecial study was made of each genus. 
Fortunately both genera were well represented in the flora. The 
following species represent a few of the more outstanding dis¬ 
coveries. Additional data on fungi in other genera will be pub¬ 
lished by us at a later date, or by those to whom material has been 
sent for critical study. 

Color names cited from Ridgway (1912) are enclosed within 
quotation marks. Those cited from Maerz and Paul (1930) are 
indicated as follows: raw umber 15A12, etc. 
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Clitocybe subvelosa sp. nov. Fig. 2\c 

Pileus 3-9 (10) cm. latus, subplanus, margine involutus, demum subin- 
fundibuliformis, viscidus, aurantio-cinnamomeus vel incarnato-cinnaniomeus, 
odor farinaceus, sapor praerancido-farinaceus; lamellae avellancae vel 
incarnato-avellaneae demum subfuligineae, confertac, late decurrentes; 
stipes 6-9 cm. longus, 8-15 mm. crassus, aequalis vel deorsum clavatus, 
solidus, intus avellaneus, externe “pale vinaceous fawn” vel “vinaceous buff” 
et fibrillosus, sursum fibrilloso-annulatus; sporae 8-10.5 X 5-5.5 x, ovatac 
vel subellipticae. 

Pileus 3-9 (10) cm. broad, disc flat and margin inrolled at first, 
expanding to shallowly depressed on di.sc and with s])reading or 
arched margin, surface viscid, toward the margin with streaks of 
agglutinated fibrils, edge at first fringed with veil remnants, disc 
glabrous and in some watery-spotted, color “orange-cinnamon” 
or darker at first, margin “light pinkish cinnamon” colors duller 
in age; flesh “pale pinkish huflf” except near gills where it is 
watery avellaneous, odor farinaceous, taste intensely bitter-farina¬ 
ceous (very rancid) ; lamellae “avellaneous” to “vinaceous huff” 
young, becoming “wood brown” to suhfuligineous in age, close 
to crow’ded, broad, decurrent, not separable, often forked, edges 
even; stipe 6-9 cm. long, H-15 mm. in diam., equal to cljtvate, 
solid, more or less avellaneous in cortex, surface “pale vinaceous 
fawn” to “vinaceous huff” and appressed fihrillose, cottony at base, 
with a thin fihrillose annular zone of partial veil fibrils near apex. 

Spores 8-10 X 5-5.5 /a, white in deposit, ovate pointed at ma¬ 
turity, nonamyloid, smooth; hasidia 36-40 X 5-7 /x, four-spored, 
hyaline in KOH, yellow in iodine; pleurocystidia and cheilocystidia 
none differentiated; gill trama (as seen in sections of fresh mate¬ 
rial) distinctly of interwoven hyaline filaments; pileus trama 
homogeneous beneath a distinct gelatinous pellicle composed of 
narrow (2.5-4/x) orange-brown hyphae as seen in water mounts 
of fresh material, hyaline revived in KOH; clamp connections 
present. 

Habit, habitat and distribution: gregarious under alder and 
conifers, lower Tahoma Creek, September 12. Coll, by D. E. 
Stuntz (Sm. 311S2 — type). 

Discussion: The intense taste, incarnate-orange color, viscid 
cap, fibrillose veil, and the change in the color of the gills from 
youth to age amply distinguish this fungus from other species in 
the genus. It appears to be most closely related to C. gomph- 
idioides in all characters except the presence of a distinct fibrillose 
veil and in the shape and size of the spores. The differences in 
the spores are shown (fig. 2\c, d). Drawings for both species 
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were made from the types. My first impression of this fungus 
was that it belonged in C. gomphidioides and that I had failed to 
note the veil in the Olympic specimens. However, a critical com¬ 
parison of the dried specimens and the photographs of each made 
at the time of collection shows my first impression to have been 
false. When one considers other instances of parallel species, 
largely distinguished by the presence of a veil in one and its ab¬ 
sence in the other, it is evident that the logical procedure is to re¬ 
gard C. siihvelosa as distinct from C. gomphidioides. It should 
be kept in mind that for years it was questioned whether or not 
Armillaria mellca and Clitocyhe tahesccns were distinct. Rhoades 
(1945) has clearly established that they are. Another parallel 
situation is that of Hygrophorus eruhescens (veil-less) and Ilygro- 
phortis purpurasccns (with a fibrillose veil). Since both C. 
subvelosa and C. gomphidioides bear a striking resemblance to 
species of Hygrophorus possessing divergent gill trama, a care¬ 
ful study of the arrangement of the hyphae of the gill trama in 
C. subvelosa was made from both young and old caps in the fresh 
condition. In both stages it was found to be interwoven. 

Cortinarius rainierensis sp. nov. Fig. 1 

Pileus 3-8 cm. latus, obtusus vel conicus dcnium campanulatus vcl sub¬ 
planus, siccus, squamulosus, “russet” vcl “tawny,” saepe “Sanford’s brown”; 
odor raphanaceus; lamellae fulvae denium subferrugineae, latae, subdistantcs, 
vcnosae; stipes 5-8 (10) cm. longus, 10-12 (15) mm. crassus, farctus, dcorsum 
demurn obscure ferrugineus, fibrilloso-annulatus; s])()rae 9-11 X 6.5-8/*, late 
ovatae. 

Pileus 3-8 cm. broad, obtuse to convex, expanding to conic 
campanulate, conic umbonate, obtusely campaiiulate or broadly 
convex, sometimes nearly plane in age, surface dry, innately 
fibrillose-squamulose over disc or nearly to margin, “russet’' on 
disc and “tawny” over marginal area, when fruiting luxuriantly 
evenly rich tawny to “Sanford’s brown,” unchanging or merely 
slightly darker in extreme age; flesh rather thick in disc, thin away 
from the stipe, pale bufif, odor of radish, taste similar but very 
slight; lamellae “ochraceous tawny” young, soon “tawny” and 
remaining so, broad, subdistant, adnexed, thick and intervenose, 
edges even; stipe 5-8 (10) cm. long, 10-12 (15) mm. thick, 
stuffed with a pale buff pith, cortex pale to dark tawny, darkening 
in base to Sanford’s brown or darker where handled, mycelium 
white. 




Fig. 1. Cortinarius rainierensis . X 1. 
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Spores (lark rusty brown in KOH, 9--11 X 6.5-8 /x, broadly 
ovate, surface roughened; basidia four-spored, 38-52 x 8-10/1, 
hyaline in KOH (many brownish collapseci basidia also present) ; 
jileurocystidia none; cheilocystidia basidia-like but smaller, 30-40 
X 5-8 /A, narrowly clavate to subcylindric and hyaline or nearly 
so; gill trama parallel or nearly so, yellowish (in thin sections) 
to rusty reddish (in thick sections) in KOH, pileus characterized 
by fascicles of rusty brown to yellow-brown (in KOH) hyphae 
projecting to form squamules, pigment incrusted on the wall but 
deposits not heavy, clamp connections present. 

Habit, habitat and distribution: Scattered to gregarious on 
humus in virgin mossy Douglas fir-hemlock forests. August 18, 
lower Tahoma Creek (Sm. 30281 — type). The first collection to 
come to our attention was one by Stuntz (Sm. 29504) at Barlow 
Pass in the Washington Cascades July 26, 1948. Numerous col¬ 
lections, however, were made in the Park as follows: Imshaug 
2126, Nisqually River below Longmire, August 30; Imshaug & 
Smith (Sm. 29806), lower Kautz Creek, Augirst 4; Sm. 30535, 
lower Tahoma Creek, August 23; Sm. 31083, September 9; Sm. 
31632, Longmire, September 22. 

Discussion: This is a striking species and one which can he 
recognized at a glance. At maturity it is practically unicolorous. 
The color and dry scaly cap are sufficient for field identification. 
In the herbarium it is macroscopically indistinguishable from 
C. distans var. olympianus Smith. However, the latter has dis¬ 
tinctly narrower spores, 5-6 /a as contrasted to 6.5-8 /a, which 
makes collections easily recognizable when dried. In the fresh 
condition C. distans var. olympianus is hygrc'phanous and when 
moist has a faintly striatulate margin. C. rainicrensis appears to 
be related to C. annulatus by the odor of radish, scaly cap and 
fibrillose ring which is usually present on the stipe, but differs in 
the much larger spores. Among the European species it appears 
close to C. tophaceus but differs in the rusty brown rather than 
ocher-yellow color. C. fulvaureus Henry and C. speciosus Favre, 
two recently described species, appear to be somewhat similar in 
stature. However, the former differs in its spore characters and 
the latter in its much more brilliant colors as clearly indicated 
by Favre ( 1948 ) both in his description and illustration. 
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CoRTXNARius SUBTORTUS Fries Fujs. 2; 3(i 

Pileus 3.5-5 cm. broad, buttons broadly convex to flattened and 
the margin inrolled, expanding to broadly convex or nearly plane, 
glabrous, glutinous to viscid but soon dry and shining, some with 
agglutinated fibrils along margin, variously colored “Isabella 
color” to “honey yellow” and finally near “Sayal brown” or 
mottled “dark olive-buff” on an “Isabella color” background, some 
“light brownish olive” over all, occasionally splashed with fulvous 
in age; flesh mottled “snuff brown” and “buffy brown,” becoming 
honey-yellow or more fulvous in age, taste mild to slightly bitterish 
or with bitterish aftertaste, odor faintly pungent but hardly dis¬ 
tinctive: lamellae “citrine drab” to “buffy brown,” in some “brown¬ 
ish olive,” “light brownish olive” or “Isabella color,” slowly chang¬ 
ing to cinnamon brown or more fulvous (near “raw sienna”), 
depressed-adnate to broadly adnate or subdecurrent, narrow and 
intervenose but finally moderately broad, edges even; stipe short, 
3-5 cm. long, (4) 6-10 (15) mm. thick, clavate, becoming sub¬ 
equal, stuffed with a white pith, cortex avellaneous, surface olive- 
buff from a dense coating of fibrils, wdth a median to superior 
fibrillose zone and at times the sheath breaking up into obscure 
zones, silky and sordid olivaceous above at first, in age paler and 
more yellowish (near “honey color”), a few (in Sm. 27980) with 
an obscure violaceous tinge in apex. 

Spores 7-9 X 6-7 /x, broadly ovate-pointed to subglobose, rusty 
brown in KOH, slightly roughened: basidia 27-33 x 7-8/n, four- 
spored, yellowish in KOH : pleurocystidia abundant, 50-80 (100) 
X 8-10/1, in water mounts of fresh material often with an incrust- 
ing sheath, smooth as revived in KOH, hyaline and thin-walled, 
narrowly ventricose to subcylindric or neck tapered, wavy, and 
with acute apices; .cheilocystidia similar to pleurocystidia but 
shorter; gill trama parallel, pale yellow in KOH; cuticle of cap a 
gelatinous pellicle, the hyphae yellowish. 

Habit, habitat and distribution: Gregarious to subcespitose under 
conifers, especially around very decayed stumps and logs, lower 
Nisqually above junction with Kautz Creek, and along highway 
near Tumtum Mt., Sept. 22 (Sm. 31608), and Sept. 23 (Sm. 
31634). The senior author first collected this species on the east 
fork of the Salmon River, Mt. Hood, Oregon, at an elevation of 
about 4500 ft., Oct. 20, 1947 (Sm. 27980). 

Discussion: This species is very distinctive in the genus Corti- 
narius because of the presence of the greatly elongated pleuro- 






Mycolckiia, Vol. 42, 1950 



3. Spores and cystidia of Cortinarius, Mycena and Psaihyrclla. 
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cystidia and a general resemblance to C. infractus in color. Maire 
et Kiihner (1935) reported on this species as they found it in 
two different localities. Maire’s collection was characterized by 
violaceous tints in stipe and gills. Coll. Sm. 27980 from Mt. Hood 
showed a slight tendency toward violaceous in the apex of the 
stipe. However, in the only extensive fruiting of this species we 
have observed here in North America, namely that made near 
Tumtum Mt. in the Park, the colors were more like those of 
Kiihner’s collection. 

Tnocybe armoricana Heim Figs. 4; 5a, b 

Pileus 2.5-9 cm. broad, at first conic-campanulate, liecoming 
expanded with a large prominent mammiform umbo, the margin 
soon plane and then finally a little uplifted; surface silky-smooth, 
lubricous when moist, drying silky-shining, often with a thin webby 
pallid coating of surface fibrils persisting as pallid patches at the 
center, toward the margin becoming more or less long-rimose, 
and at times regularly and conspicuously so, color at first “cadmium 
yellow” to “raw sienna,” becoming “tawny” to chamois 1115, 
12E8, toast 13F8, or 13G9 at the margin; context 2-4 mm. thick 
off the disc, firm, white, unchanging on exposure, odor at first of 
green corn, then changing and becoming rather sweet and aromatic 
but still with an admixture of green corn; lamellae adnexed to 
almost free, broadly and shallowly rounded at the stipe, pointed 
at the margin, ventricose, widest toward the margin, 5-7 mm. 
broad, rather close, color white at first, becoming grayish olive 
(Arizona 13E6 to 14E6) ; stipe 4-12 cm. long, 5-13 mm. thick, 
terete or flattened, equal or in some a little incrassated downward, 
solid, the context firm and white to pallid yellowish, unchanging 
on exposure, usually becoming yellowish at the surface in age, 
base abruptly bulbous (submarginate) to clavate-bulbous and 13- 
20 mm. thick, surface satiny, glabrous to very slightly fibrilluse- 
streaked, longitudinally .striate, sometimes i:>ruinate at the apex, 
color at first white, becoming pallid yellow all over, in age more or 
less flushed with darker .shades of yellowish brown such as cinna¬ 
mon 12E7 or 12F7, sometimes also with a subtle vinaceous cast. 

Spores 7-8.5 (10) X 5-6/x, subreniform, sm(;oth; pleurocystidia 
lacking; cheilocystidia 45—67 X 20-25 /x, broadly clavate. 

Under conifers, Nisqually River at Southwest entrance to Park, 
A. H. Smith, July 28; lower Tahoma Creek, Smith and H. 
Imshaug, August 2 (St. 3813) ; same locality. Smith, Imshaug 




Fig. 4. hwcybe armoricana, X 1. 
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and Grace Howard, August 3 (St. 3880 ); same locality, August 
9 (St. 3910) -, lower Tahoma Creek, at the beaver dam, Elizabeth 
Knowles and D. E. Stuntz, Augu.st 15 (St. 3975, 3997); same 
locality, August 21 (St. 4098), September 12 (St. ^^27 ,, Smith and 
Stuntz, September 14 (St. 4498), Smith, Knowles, Margaret 
McKenny and Stuntz, September 19 (St. 4620), September 21 
(St. 4682), September 22 (St. 4758). 

This is the first report of Inocyhe armoricana Heim from North 
America. It was the dominant species of Inocyhe in the lower 
Tahoma Creek area in late July and early August, and continued 
to appear sporadically in that area throughout the remainder of the 
collecting season. Its smooth yellow-orange to tawny pileus, 
rather massive white to pallid yellow stipe, and peculiar complex 
odor are (piite constant characteristics by which it can be easily 
recognized. Some of the specimens are more than twice as large 
as the maximum dimension given by Heim (1931, p. 295), and 
in all the collections the strong green corn odor was much less 
modified by the subsequent develo])ment of a sweet or aromatic 
component than is indicated by Heim. Both these discrepancies 
seem to fall within the range of variability to be expected in the 
species, however, and scarcely could be considered sufficient 
grounds for excluding the collections from f, armoricana. Heim 
indicated (1931, p. 297) a close relationship between this species 
and those related to Inocyhe jnrana Patouillard, especially /. 
suhrithcscens Atkinson. It might appear that an equally close or 
even closer relationship exists between /. armoricana and /. sororia 
Kauffman, since the principal differences between the two are 
those of pileus color and spore size, and the modification which the 
green corn odor of /. armoricana undergoes with the passage of 
time. Thus the jnrana and the fastiyiata species complexes may 
not be as unrelated as is commonly supi)osed. 

Inocybe fastigiata (Fr.) Quel. f. alpestris Heim Fig. 5c, d 

Pileus 4 cm. broad, 3.5 cm. high, conic-campanulate, sharply 
umbonate, with slightly incurved margin soon becoming long- 
rimose, color pale buff with an obscure tinge of tawny, near “cin¬ 
namon buff”; context about 2 mm. thick just off the disc, firm, 
white, unchanging on e.xposure, absolutely without odor; lamellae 




Smith and Stuntz; New Fungi 


93 


adnate, plane both at stipe and margin, linear-oblong, narrow, 4 
mm. broad, crowded, color pale grayish olive, with rather abundant 
brownish stains, the edges conspicuously white-fimbriate; stipe 
9 cm. long, 6.5 mm. thick, terete, equal, flexuous, the base abruptly 
bulbous, 11 mm. in diameter, solid, context hard, white, unchang¬ 
ing on exposure, surface satiny, shining, sparsely white-fibrillose- 
streaked, color white, with a very faint tinge of yellow in some. 

Spores 11.5-15 (16.5) X 6.5-7.5 /a, subcylindrical, occasionally 
subreniform; pleurocy.stidia lacking; cheilocystidia 36-37.5 X 16- 
26 ft, clavate, simple or often in short chains of two to three cells. 

Under conifers, lower Fahoma Creek near the highway, A. H. 
Smith, July 29 (St. 3759)^ and again in the same area. Smith and 
H. Imshaug, July 30 (St. 3796). 

Among the numerous varieties and forms of Inocyhc jasticfiata 
(Fr.) Quel, that occur in Washington, this one is easily recognized 
by its pallid yellowish buff pileus, long slender white stipe, and 
complete lack of any kind of an odor. Tt might be taken for a 
slender specimen of I. sororia Kauffm., but the lack of that species’ 
characteristic strong green corn odor soon corrects that impression. 

The use of the form name alpestris may require some explana¬ 
tion. Tt is fairly evident (see 1931, p. 176, and the footnote on p. 
392) that Heim did not really intend what he called “forme 
alpestris” to be given actual taxonomic status; yet he assigns 
varietal names to other collections (var. arcnkola) some of which 
so closely resemble “forme alpestris ’ that one wonders why they 
were not included in it. The more luxuriant specimens, at least, 
of var. arcnicola, are evidently more robust plants than forme 
alpestris,” are white rather than yellowish, and are said to have 
a detectable spermatic odor. Our collections are closer in these 
particulars to “forme alpestris” than to var. arcnicola, and since 
they are readily distinguishable from typical /. fastigiata, the desig¬ 
nation we have used for them seems justifiable. 


Inocybe griseo-lilactna I^ange Figs. 5c, f, 6 

Pileus 1 5-3 cm. broad, obtusely campanulate, becoming ex- 
paneled and plane or nearly so, with a rounded iimbo the margin 
persistently rounded, surface densely appressed-fibnllose, the cu¬ 
ticle becoming diffracted-scaly all over with furfuraceous squamu es 
which are appressed to slightly recurved at the tip, color yellowish 
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buff on the umbo (walnut 12E6 to bamboo 1317), elsewhere clingy 
yellowish gray (Long Beach 12R4 or polo tan 13C6), context about 
2 mm. thick off the disc, pallid, unchanging on exposure, odor 
spermatic but not strong; lamellae adnexed, somewhat angularly 
sinuate, bluntly pointed at the margin, subventricose, 2-3 mm. 
broad, moderately close, color at first pallid with a flush of viola¬ 
ceous, becoming dingy grayish (Aloma 13C7), finally ([uite dark 
olivaceous umber (15E12) ; stipe 2.5—4 cm. long, 3—5.5 mm. thick, 
terete, equal, usually flexuous, the base rounded-truncate, not at 
all bulbous; solid, the context pallid within, dull lilac at the surface, 
unchanging on exposure, surface densely appressed-fibrilk^se, the 



fibrils in tiny pointed longitudinally oriented streaks especially be¬ 
low, the apex pruinate and almost glabrous, color pallid grayish 
buff (near beige soiree 11B4) at the base, lilac above (bisque 11A3 
to tawny birch 13A6), but made to appear considerably duller be¬ 
cause of the dense coating of surface fibrils. 

Spores 8-9 (11) X 4.5-5.5 fi, inequilaterally amygdaliform; 
pleurocystidia 45-67 (80) X 14.5-18/x, ventricose, with pedicel 
and slender neck, usually thick-walled; cheilocystidia of two kinds, 
some like the pleurocystidia in size and shape, the majority clavate 
to ovoid, thin-walled, 20-30 X 11-13.5/m, densely clustered along 
the gill edge. 
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Under conifers, lower Tahonia Creek, A. H. Smith and H. Im- 
shaug, July 30 (St. 3779) ; Kautz Creek near the Nisqually River, 
Smith and Imshaug, August 4 (St. 3820, 3829) ; lower Tahoma 
Creek, Smith and Imshaug, August 19 (St. 3925) \ lower Nis- 
fjiially River near Kautz Creek, Smith and Stuntz, August 14 (St. 
3958) ; Longmire, along the Trail of the Shadows, A. H. Smith, 
August 21 (St. 4051) ; lower Tahoma Creek, Smith and Stuntz, 
September 8 (St. 4395), September 12 (St. 4430), and again. 
Smith, M. McKenny and Stuntz, September 19 (St. 461^). 

This Inocybc was found throughout the collecting season, but 
never in large numbers: all the collections cited except the one 
shown in figure 6 consist of but one or two carpophores. 

Its rather pale yellowish gray squamulose pileus and fil)rillose 
lilac stipe make it one of the more readily recognizable species of 
the Inocybc obscura group. Our si)eciniens agree well with Lange’s 
description and illustration (1938, p. 73, pi. lll-F), except for 
having a somewhat more robust stature. Ileim considers Lange’s 
species to be synonymous with /. obsatra var. violasccns (Quel.) 
Heim, but the spores he illustrates (1931, p. 256) for the latter 
diflPer enough in size and shape from those given by Lange (1938, 
p. 73, pi. 11-F) for /. (jrisco-Ulacina, as well as from those of our 
own collections, to raise a reasonable doubt as to the advisal)ility of 
merging the two. 

Inocybe laetior Stuntz, sp. nov. bigs. Sg, h: 7 

Pileus 2-3.5 cm. latus, e campanulatus nxpansus, iimbonatus, sericcus, 
siccus, glaber, margine interdum subrimosus, centro fulvus vel badius, 
margine melleus vcl olivaceo-brunneus; caro pallida, iminutabilis, odor vix 
iiotabilis; lamellae adnexae, ventricosae, (L7 mm. latat, ex pallidis obvaceo- 
brunneae; stipes 2.5-5 cm. longiis. 2.5-5 mm. crassus. acdualis. basts leviter 
bulbosus vel non, omnino sericeus, subnitens, longitudinaliter ^triatus, laete 
salmoneus vcl incarnatus, basis albus; sporae 9-11 (13) x5.5-6.5a*, leves, 
amygdaliformes; pleurocystidia (53) 60-80 x 20-30/*, ventricosa. 

Pileus 2-3.5 cm. broad, campanulate and umbonate, becoming 
expanded and finally plane or nearly so, with a low rounded umbo, 
the margin incurved at first, then slightly rounded, finally plane 
and more or less radially split, surface smooth, appressed silky, the 
cuticle dense, compact, remaining unbroken at the center, lecoiii 
ing more or less rimose toward the margin, usually not at all sea y 
hut sometimes becoming so in dry weather, color at first uniformly 




Fig. 7. Inocybc hietior, X 1. 
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brown, then becoming brassy yellowish at the margin and the 
center remaining tawny brown, center gold brown 14G12, '‘au¬ 
burn” or "Sanford's brown,” margin at first 14H10 becoming cen¬ 
tennial brown 13K8 to Isabella 13K7 or honey 12J6, rarely as dark 
as "Mars brown” in the center, and shading out through “Verona 
brown” to “Sayal brown” at the margin, marginal area often more 
or less virgate with the tawny cuticular fibrils of the center; con¬ 
text 2-3 mm. off the disc, white or pallid, unchanging on exposure, 
odor slight, spermatic-subraphanoid; lamellae adnexed or some¬ 
times narrowly adnate, often minutely uncinate, broadly rounded 
at the stipe, bluntly rounded at the margin, asymmetrically ventri- 
cose, widest toward the margin, rather broad, 6-7 mm., not close, 
30-35 reach the stipe, with about as many inserted, edges slightly 
serrulate in most specimens, color at first pallid, about sheepskin 
11C3 or ecru 11C2, becoming 1316 to 13J6 (pallid olivaceous), 
finally khaki 13J7 (dull olivaceous brown) ; stipe 2.5-7 cm. long, 
2.5-5.5 mm. thick, terete or sometimes a little compressed, equal, 
the base usually slightly bulbous, solid, the context pale salmon- 
incarnate to yellowish incarnate, unchanging on exposure, surface 
satiny, somewhat shining, everywhere white-priiinate, finely but 
notably longitudinally grammate, the base densely white-myceloid, 
color bright salmon incarnate, often becoming paler with age 
(auteuil 11C7, 11B8, formosa 12A8, “light pinkish cinnamon,” 
“pinkish cinnamon,” or “vinaceous cinnamon,” rarely as dark as 
“cacao btown,” Mindoro 13A8 or 11D8), base persistently while. 

Spores 9-11 (13.5) X 5.5-6 (6.5) smooth, inequilaterally 
aniygdaliform; pleurocystidia (53) 60-80 X 2^30 /*, ventricose, 
with very short pedicel and obtuse apex, thick-walled; cheilo- 
cystidia mostly like the pleurocystidia in size and shape but a few 
small clavate thin-walled cells also present. 


Under conifers, lower Tahoma Creek, Smith and H. Imshaug 
(St. 3914), August 18 (St. 4019), September 12 (St. 4424)-, 
A. H. Smith. September 12 (St. 4432), September 12 (St. 4^7 ), 
Smith, September 14 (St. 4506), September 18 (St. 4616)-, 
Smith and Margaret McKenney, Tahoma Camp Grwnas, Sep¬ 
tember 20 (St. 4(555—type); Smith, lower Tahoma Creek, Se^ 
tember 21 (St. 4668) ; September 21 (St. 4675 ); September 23 


^^This^spedes can be recognized quite easily by its strikingly 
colored salmon-incarnate stipe and its pileus with 
and brassy yellowish margin. These coors appear ® 
constant; of the twelve collections made, only .ne {4712) had 
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both pileus and stipe somewhat darker than the others. The two 
species most closely related to Inocybe laetior are /. obsaira var. 
rubens Heim and I. subdestricta Kauffman. From both of these 
/. laetior differs in its non-uniformly colored pileus, and especially 
in its much more brightly colored salmon-incarnate stipe. Its 
spores are about intermediate in size between those of the other two 
species, and its pleurocystidia resemble those of L obscura var. 
rubens rather closely. 



Photo D. E. Stuntz 
Fig. 8. Inocybe leiocephala, X 1. 


Inocybe leiocephala Stuntz, sp. nov. Figs, 5i, j; 8 

Pileus 1.2-3.5 cm. latus, ex obtuse campanulatus expansus, umbonatus, 
glaber, centro obscure brunneus, margine castaneus vel rubrobrunneus; cutis 
compacta, hygrophana, nitens; caro firma, alba, immutabilis; odor nullus; 
lamellae adnatae, postice sinuatae, ventricosae, 4.5-5 mm. latae, ex pallidis 
olivacco-bninneae; stipes 1.5-5 cm. longus, 2.5-5.5 mm. crassus^ aequalis, 
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basis rare leviter bulbosus; omnino leviter pruinatus, subnitens, manifeste 
longitudinaliter striatus, incarnatus vel incarnato-cinnamomeus; sporae 8.5- 
12x5.5-6.5^, leves, inaequales; pleurocystidia 56-73 X 15-25/*, ventricosa, 
muro valde crasso praedita. 


Pileus 1.2-3.5 cm. broad, obtusely campanulate becoming ex¬ 
panded, with a low broad umbo and persistently rounded margin, 
surface smooth, glabrous, innately silky and shining, the cuticular 
layer dense, compact, rather hygrophanous, remaining unbroken 
or occasionally a little diffracted in places when dry, color '‘warm 
sepia” to “mummy brown” on the umbo, elsewhere varying from 
red-brown to dingy brassy yellow-brown, usually “russet,” “au¬ 
burn,” “Sanford’s brown,” margin sometimes nearer “buckthorn 
brown,” or sometimes the whole pileus uniformly “chestnut brown” ; 
context 1-2 mm. off the di.sc, hard, white, unchanging on exposure, 
odor none, or very faintly spermatic; lamellae narrowly to broadly 
adnate, rounded-sinuate to emarginatc, bluntly pointed at the mar¬ 
gin, subventricose, 4.5-5 mm. ])road, moderately close, color at first 
pallid, becoming olivaceous brown (Isabella 13K7, 14F7, syrup 
14L8, finally darker, 15J10); stipe 1.5-5 cm. long, 2.5-5.5 mm. 
thick, terete or occasionally somewhat compressed, equal, base not 
bulbous, or rarely very obscurely so, .solid, context pallid with a 
flush of incarnate, unchanging on exposure, surface satiny, shin¬ 
ing, conspicuously longitudinally hygrophanous-grammate, pruinate 
all over, color incarnate, “pinkish buff” to “light pinkish cinna¬ 
mon,” becoming “pinkish cinnamon” to “cinnamon (papyrus 12C7 
or 13E7), finally “Sayal brown” in age. 

Spores 8 5-10 (12) X 5.5-6.5/*, somewhat variable in size, 
ineViilateral; pleurocystidia 56-73 X 15-25 ventricose with long 
neck and short pedicel, very thick-walled; cheilocystidia of two 
kinds, one the same size and shape as the pleurocystidia, the other 
thin-walled, clavate, 22-34 X 8-13.5/*. 


Habit, habitat and distribution; Under conifers, junction of Fish 
Creek with Tahonia Creek, Smith, Knowles and Stuntz, August 9 
(St. 3929); camp grounds, Longmirc, Smith, August 31 (St. 
4249) ; in moss under Douglas fir near the inn, Longmire, Sep¬ 
tember 1 (St. 4259); same locality, September 24 (St. 4739— 


type), and September 27 (St. 4816). 

Discussion: The very compact layer of cuticular hyphae gives 
the pileus surface of this species a glabrous, hygrophanous appear¬ 
ance unusual in Inocyhe, and very similar to that of many of the 
small brown Cortinarii of the subgenus Hydrocybe. This char¬ 
acteristic, the rather dark red-brown pileus, small compact stature. 
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incarnate stipe, and thick-walled pleurocystidia, are the principal 
distinguishing features. While the pileus usually has a very dark 
brown umbo and red-brown margin, it may be uniformly bay in 
color, or even almost a mahogany red, and is apt to become some¬ 
what paler and more yellowish brown on drying. The most closely 
related species appear to be Inocybe subdestricta Kauffman, /. 
obscura var. riibens Heim, and /. laetior Stuntz, in diminishing or¬ 
der of resemblance. From all three of these 7. leiocephala differs 
markedly in the nature of its pileus surface: it has smaller spores 
than /. obscura var. ruhens, and differs further from 7. laetior in 
the color of both pileus and stipe. 

Inocybe oblectabilis Britzlniayr, fma. decemgibbosa Kiihner 

Fig, 9; 10a, b 

Pileus 2-4 cm. broad, campanulate or conic-campanulate, ex¬ 
panding and becoming .shallowly campanulate and finally almost 
plane, with a broad rounded umbo, margin incurved, usually be¬ 
coming almost plane, often undulating and more or less broadly 
lobed, surface at first w’ith a thin white webby coating of surface 
fibrils which persist for a time at the center as pale webby patches, 
finally vani.shing entirely, cuticle silky smooth, lubricous when 
moist, shining when dry, remaining unbroken at the center, be¬ 
coming conspicuously long-rimose toward the margin, color “Sayal 
brown’* to “cinnamon brown,” “Verona brown,** 14G9, or burnt 
umber 15A12, the umbo often considerably paler (raffia 11E5 or 
pallid ivory) ; context 2-2.5 mm. thick off the disc, firm, white, 
unchanging on exposure, odorless; lamellae adnexed and uncinate, 
shallowly to deeply rounded-emarginate, pointed at the margin, 
oblong-subventricose, 4-6.5 mm. broad, moderately close, color at 
first pallid gray (putty 11B2), becoming darker and more olivaceous 
(grain 13B5 to cracker 13D6, finally 1417 to maple sugar 14J8) ; 
stipe 2.5-7 cm. long, 3-7 mm. thick, terete or compressed, equal, the 
base with a conspicuous flat marginate bulb 7-13 mm. in diameter, 
solid, the context pallid or yellowish, usually with a flush of incar¬ 
nate at the surface, unchanging on exposure, surface satiny, more or 
less shining, everywhere finely white-pruinate and conspicuously 
longitudinally hygrophanous-grammate, color pale yellow, usually 
with more or less of a flush of incarnate (10C5, or “light ochra- 
ceous buff,” “pinkish buff,** “light pinkish cinnamon,’* or “pinkish 
cinnamon”), the base persistently white. 

Spores 9-11 X 6.5-8/*, oblong, with an average of eight rather 
coarse nodules; pleurocystidia 45-67.5 X 13.5-20/x, fusiform- 
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ventricose with short neck and pedicel, moderately thick-walled; 
cheilocystidia like the pleurocystidia in size and shape, also thin- 
walled and clavate, 22.5-30 X 9-11.5 /x. 

Habit, habitat and distribution: In a lawn under conifers. Long- 
mire, August 4 (St. 3811) ; under conifers, lower Tahoma Creek 
near the highway, Knowles and Stuntz, August 16 (St. 3980y 
3981 ); lower Tahoma Creek at the old campgrounds. Smith & 
Stuntz, August 20 (St. 4043), same locality, August 22 (St. 4097), 
September 8 (St. 4388), September 12 (St. 4459), and September 
18 (St. 4612 ); lower Tahoma Creek, conifer woods one half mile 
from the highway, September 21 (St. 4674), same locality, Smith, 
September 21 (St. 4680) and again September 23 (St. 4706). 

Discussion: Neither Inocybe oblectahilis Britz. nor its two forms 
have been reported previously from North America. The form 
decemgibbosa, however, is apparently not uncommon in Washing¬ 
ton, having been collected by the junior author in several localities 
outside the Park. The incarnate color of its stipe is apt to vary 
from a slight flush to a decidedly salmon pink cast with different 
collections, and may even be lacking at the time the specimens are 
gathered, only to develop later after they have stood for a while. 
The other distinctive features (smooth, brown, rimose pileus and 
pallid grayish lamellae) are quite constant, however, and the en¬ 
semble of characteristics makes this an easily recognized Inocybc. 
The brown pileus and incarnate stipe readily separate it from 
Inocybe praetervisa Quel, and related species. 

Inocybe picrosma Stuntz, sp. nov. Figs. 10c, d; 11 

Pileus 1.5--4 cm. latus, e campanulato expansus et late umbonatus, siccus, 
primo sericeo-fibrillosus, postremo plus minusve squamuloso-diffractus, 
cremeus vel pallide luteus; caro pallida, immutabilis, odor valde specialis, 
aliquatenus raphaneus et resinosus, etiam acer; lamellae rotundato-adnexae 
vel anguste adnatae, ventricosae, 3.5-5 mm. latae, ex pallidis griseo-olivaceae; 
stipes 2.5-8.5 cm. longus, 3-7 mm. crassus, aequalis, basis plerumque abrupte 
bulbosus sed non marginatus, primo omnino albo-pruinatus, deorsum glabre- 
scens, longitudinaliter striatus, pallide luteolus, aetate sordide brunneus vel 
avellaneus; sporae 8.5-10 X 5 a, leves, amygdaliformes; pleurocystidia 40-60 
X 16.5 a, subclavata. 

Pileus 1.5-4 cm. broad, campanulate and umbonate, becoming 
campanulate-expanded, the margin at first narrowly involute, 
long remaining broadly rounded, surface appressedly silky-flbril- 
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lose, smooth, shining, some remaining so at all times, but the ma¬ 
jority becoming more or less diffractecl-scaly at least at the center 
and usually clear to the margin, color uniformly pale creamy yellow 
to pale buff, “cream buff,” to “Naples yellow,” 10F4, IIFS, or 
chamois 1115, sometimes more or less flushed with “cinnamon 
buff” to “clay color” or even darker (macaroon 12H7) especially 
on the disc; context 1.5-3 mm. thick off the disc, firm but quite 
brittle, pallid to pallid yellowish, unchanging on exposure, odor very 



Photo D. E. Stuntz 

Fig. 11. Inocybe picrosma, X 1. 


characteristic, not strong, but very penetrating, spermatic for an 
instant when the context is first exposed, but immediately becom- 
ing quite complex, predominantly a mixture of raphanoid and 
resinous with a trace of acetic acid, having a very decided pungency 
which quickly produces a tingling sensation in the back of the 
throat; taste a little astringent and acrid at first, soon becoming mild 
and almost sweet, but leaving an unpleasant aftertaste; lamell&e 
adnexed to narrowly adnate, abruptly and deeply rounded at the 
stipe, broadly rounded at the margin, ventricose, moderately broacf. 
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4-5 min., moderately close, about 90 reaching the stipe, as many 
more inserted, color at first pallid (parchment 12B3, cream 9D2, 
“ivory yellow”), becoming rather pale grayish olivaceous brown 
(tanaura 12D4, 12F5, prairie 13F6) ; stipe 2.5-8.5 cm long, 3-7 
mm. thick, terete, equal, the base almost always with a narrow flat 
bulb which in some specimens may be emarginate, solid, context 
white or pallid, unchanging on exposure, but slowly in age becom¬ 
ing suflFused all over with “avellaneous” or dull vinaceous brown or 
fuscous brown, surface satiny, shining, conspicuously longitudinally 
hygrophanous-graminate, entirely white-pruinate at first, remain¬ 
ing so at apex, l)ecoining almost glabrous below, color very pale 
yellow (“cartridge buff,” “ivory yellow,” 9D1), in age becoming 
flushed first at the apex then all over with dull vinaceous brown 
(“avellaneous,” “wood brown,” cork 12B7, India spice 13B8J or 
fuscous brown (“drab,” “cinnamon drab,” winter leaf 15A8), the 
margin of the bulb almost always with a flush of “apricot buff,” 
“ochraceous salmon” or “light ochraceous salmon.” 

Spores 7-8.5-10 (11) xS-6/a, smooth, inequilaterally amyg- 
daliform; pleurocystidia 36-50 (63) X 16.5—21 /a, fusiform-clavate, 
with obtus.e apex and slender pedicel, very thick-walled above; 
cheilocystidia of two kinds, some similar to the pleurocystidia in 
size and shape, others clavate, thin-walled, 22-56 X 8-11.5^. 


Habit, habitat and distribution: Under conifers, lower Tahoma 
Creek, Smith, September 14 (St. 4536 ); same locality, September 
18 {Sit. 4647)] Tahoma Creek Camp Grounds, Smith, September 
20 (St. 4660) ] lower Tahoma Creek, Smith and Stuntz, Septem¬ 
ber 21 (St. 4700)] same locality, September 23 (St. 4736y, 
lower slopes of Tumtum Mountain, near Tahoma Creek, Smith 


and Stuntz (St. 4839 —type). 

Discussion: This Inocybe can be recognized quite readily by its 
silky pale yellow pileus, pallid yellow stipe which turns dull vina¬ 
ceous brown in age, and especially by its unique odor. In colora¬ 
tion and general appearance it resembles Inocybe Kauffwann 
Smith, and indeed the two species appear to be rather closely re¬ 
lated; however, the stipe of I. Kauff^mnii does not become vina¬ 
ceous brown with age, and its odor is entirely different. There is 
also a superficial resemblance between /. picrosma and L suave- 
olens Stuntz, but no real relationship whatever, as the two have 
entirely different microscopic characteristics as well as very di- 
ferent odors. The odor of /. picrosma is its chief distinguishing 
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characteristic; though not actually strong, it has a peculiar pungency 
that sets it apart from most fungus odors and usually produces 
an effect similar to slight traces of sulphur dioxide. The brittle¬ 
ness and darkening with age characteristic of the stipe context are 
well marked, and seemed constant in the various collections. The 
stipe context is so brittle that it is difficult to collect a specimen 
without breaking off either the base or the pileus. The stipe of 
older specimens is a])t to become gray in drying, like that of Inocybe 
xanthomelas Kuhner. 



Photo D. E. Stuntz 

Fig. 12. Inocybe pyrotricha. 


Inocybe pyrotricha Stuntz, sp. nov. Figs. lOe, f; 12 

Pileus 1.5-3 cm. latus, campanulatus demum expansus, late umbonatus, 
siccus, mox squamulosus, centro ferrugineus vel rufus, margine pallcscens, 
sordide brunneus; caro pallida, immutabilis, odor tenuiter raphaninus; 
lamellae adnatae, ventricosae, 6 mm. latae, primo violaceae demum pallide 
brunneae; stipes 2.5-5 cm. longus, 2.5-5 mm. crassus, aequalis, solidus, 
sursum subglaber, pallide violaceus, dcorsum hbrillis rufis dense obtectus; 
sporae 7-10 X 4.5-5 a*, leves, amygdaliformes; picurocystidia 66-80 X 16.5 
ventricosa, pedicellata. 

Pileus 1.5-3 cm. broad, campanulate, becoming campanulate- 
expanded with a large broadly rounded umbo, the margin entire, 
at first incurved, becoming gently rounded, finally almost plane; 
surface dry, densely appressed-fibrillose, smooth only in the 
youngest buds, soon diffracted scaly with small flat frequently re- 
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curved squaniules at least in the center, squamulose almost to the 
margin in some, in others the marginal area merely fibrillose- 
lacerate and more or less rimose, decorated at first with the re¬ 
mains of the avellaneous cortina, soon denuded, color of young 
buds uniformly ferruginous or rufous, of older pilei “burnt sienna” 
to Kaiser brown,” ‘‘ferruginous” or “cinnamon rufous” at the 
center, some shade of dingy brown such as cork 12B7, 13E9, 
Mosul 14h8 toward the margin, on drying becoming generally 
somewhat paler, “ochraceous tawny” to “tawny” at the center, 
toast 13F8 at the margin, the surface fibrils finally assuming a 
decidedly yellow-orange cast as they dry out; context thin, firm, at 
first with a pale lavender tinge, soon pallid, unchanging on ex¬ 
posure ; odor rather pleasant, subraphanoid or faintly spermatic, 
taste mild, a little nutty; lamellae adnate, deeply and broadly 
rounded at stipe and margin, symmetrically ventricose, rather 
broad, up to 6 mm., moderately close, about 50 reaching the stipe, 
with another series inserted in various lengths, and occasional 
marginal lamellae, color at first “pale bluish lavender” to “pale 
verbena violet” or “lavender” becoming “light cinnamon drab,” 
finally adobe 14D7; stipe 2.5—5 cm. long, 2.5-5 mm. thick, terete, 
equal, the base a little clavate-incrassated and often abruptly 
truncate, solid, the context pallid within, yellow at the surface 
toward the base, persistently pale lavender or bluish lavender at 
the surface toward the apex, unchanging on exposure, surface 
densely peronate with a floccose-fibrillose sheath which persists 
on the basal two thirds, there becoming pulled, as the stipe ex¬ 
pands, into conspicuous longitudinal streaks and reticulations 
which diminish in abundance upwards, the apex subglabrous, 
finely pruinate and minutely fibrillose, ground color at the base 
“Naples yellow” to “Colonial buff,” at the apex “pale bluish laven¬ 
der” to “lavender,” the median part pallid, color of the peronate 
surface fibrils “Sanford^s brown” to “burnt sienna” or “orange 
rufous” at the base, shading upward through “cinnamon rufous ^ to 
“avellaneoiis” near the apex, in young specimens the base is usu¬ 
ally “zinc orange” to “ochraceous orange.” 

Spores 7-10 X 4-5-6 fi, usually 8-9 X 5.5 /x, with broadly 
rounded ventral profile; pleurocystidia 66—80 X 13.5—16.5 /x, slen¬ 
der, ventricose with long neck and well-defined pedicel, thick- 
walled; cheilocystidia of two kinds, one similar in size and shape 
to the pleurocystidia, the other thin-walled, clavate, 20—38 X 11— 
26 /X, in dense clusters, both kinds with pale brown wall. 

Habit, habitat and distribution: Under conifers, base of Rampart 
Ridge near Longmire, September 15, collected by Smith (St. 4545 

—type). 
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Fig. 13. Inocybe rainiercnsis, X 1. 
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Discussion: This is certainly one of the most brightly colored 
and distinctive of the group of species closely related to Inocyhe 
obscura (Fr.) Gill. The coating of rusty red fibrils on the stipe 
and the decidedly reddish color of the pileus surface are the features 
which readily distinguish it from the other members of its stirps. 

Inocybe rainierensis Stuntz, sp. nov. Figs. lOg, h; 13 

Pileus 1.5-4.5 cm. latus, obtuse campanulatus demum expansus, late 
unibonatus vcl non, siccus, sericeus, centro velaminc pallide brunnco obtectus, 
cutis obscure brunneo; caro firma, pallida, immutabilis; odor nullus vel vix 
raphaneus; lamellae adnatae, subconfertae, ventricosae, 4.5-7 mm. latae, ex 
pallidis brunneo-olivaceae; stipes 2-4.5 cm. longus, 3.5-8 mm. crassus, 
plerumque compressus, aequalis, basis bulbosus, sericeo-nitcns, longitudinaliter 
fibrilloso-striatus, sursum cinnamomeo-incarnatus, deosorum brunneus; sporae 
10-15 X 5-6.5/4, crasse 4-5-tuberculatae, apice praelongae; pleurocystidia 60- 
86 X 16-20/A, fusoideo-ventricosa. 

Pileus 1.5-4.5 cm. broad, obtusely campanulate, becoming ex¬ 
panded and obtusely convex to broadly umbonate, margin per¬ 
sistently broadly rounded; surface dry, smooth, covered at the 
center with a thin, webby, appressed, persistent pallid brown coat 
of fibrils, true cuticle appressed-fibrillose, silky smooth, finally be¬ 
coming more or less obscurely areolate to subscaly at the center, 
margin remaining smooth or in some finally a little rimulose, usu¬ 
ally decorated with the rather copious pallid veil, color dark brown 
with an obscure reddish cast (“Verona brown,’^ “snuff brown,** 
Montella 8J11, 8J12, or “bister** to cafe noir 8H12 at center, else¬ 
where brownstone 7C10, Vandyk brown 7A11, dark beaver 15A9, 
teakwood 15C9, English oak 15A10), appearing more i)allid brown 
(adobe 14D7) here and there because of the coating of surface 
fibrils; context 2-3 mm. thick off the disc, firm, pallid or tinged 
with brown, unchanging on exposure, odor none or faintly rapha- 
noid; lamellae narrowly to broadly adnate, sinuate to emarginate, 
more or less deeply rounded at the stipe, bluntly pointed at the 
margin, ventricose, 4.5-7 mm. broad, moderately close, 55-65 
reaching the stipe, the same number inserted in irregular lengths, 
color pallid at first (putty 11B2, becoming Malacca 12C4), finally 
olivaceous brown (airdale 14F6, 14G6, 14G7) : stipe 2-4.5 cm. 
long, 3.5-8 mm. thick, terete or more often markedly compressed, 
equal above the base which has an abrupt to napiform bulb 7-11 
mm. in diameter, solid, unchanging on exposure, surface densely 
longitudinally silky fibrillose at first, becoming longitudinally 
fibrillose-streaked and hygrophanous-grammate on a satiny shining 
surface, apex pruinate, margin of bulb densely beset with thick 
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matted fibrillose tufts of the copious veil, color at first uniformly 
“light pinkish cinnamon,” darkening and finally becoming brown 
below, at length with the apex pallid, shading down through sun¬ 
tan 13B7, Tuscan tan 13C8, marron glace HAS, and finally 
“Verona brown,” with the base eventually “warm sepia,” but all 
these colors appearing paler because of the pallid surface fibrils. 

Spores (10) 11.5-13 (16) X 5.5-9/x, quite irregular in outline, 
but generally with 4 or 5 coarse nodules at the base, and the apex 
prolonged into a bullet-shaped structure; pleurocystidia 58-70 
(78) X (12) 16-25/JL fusiform-ventricose, only moderately thick- 
walled; cheilocystidia same size and shape as the pleurocystidia, 
accompanied by a few small and inconspicuous clavate ones. 

Habit, habitat and distribution: Under conifers, elevation 4800 
ft., Eagle Peak, Smith, August 26 (St. 4161) ; under Abies, Re¬ 
flection Lake, Smith, August 28 (St. 4200 — type). 

Discussion: This Inocyhe and Inocybe chelanensis Stiintz have 
practically the same microscopic characters, but differ markedly in 
outward appearance. The pileus of /. rainierensis is much darker 
and more uniformly colored than that of /. chelanensis, and the stipe* 
always has a conspicuous bulb, whereas the stipe of /. chelanensis 
lacks a bulb altogether. Unfortunately, /. chelanensis seems to be 
a rare species, as yet known only from the type collection, so that 
nothing can be said concerning the extent of its variability with 
respect to the above characteristics. In view of this situation, 
and since there is actually such a marked difference in the ap¬ 
pearance of the two fungi, it seems best to consider them separate 
though closely related species. 

Inocybe suaveolens Stuntz, sp. nov. Figs. 10/, j; 14 

Pileus 2-4.5 cm. latus, campanulato-expansus, siccus, squamosus, centre 
albidus, margine prime albidus deinde pallide luteus vel cremeus; care alba 
vel pallida, immutabilis, eder fragrans; lamellae adnexae, ventricosae, 4-5 
mm. latae, ex albidae brunnee-elivaceae; stipes 3.5-8.5 cm. lengus, 2.5-7 mm. 
crassus, aequalis, basis marginate-bulbesus, solidus, care pallide luteola, 
immutabilis, longitudinaliter striatus, omnino albido-pruinatus, pallide luteus, 
tarde sordide brunneus vel subincarnatus; sporae 7-9 (10)-X5.5-6.5-7.5 m, 
nodulosae vel subnodulosae; pleurocystidia 43-58 (60) X 10-16.5/*, fusoidea 
vel sublanceolata, mure valde crasso praedita. 

Pileus 2-4.5 cm. broad, campanulate, becoming expanded and 
broadly umbonate, margin involute then gently rounded, finally 
almost plane, surface dry, silky-smooth and subshining at first 
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(lubricous when thoroughly wet), soon becoming more or less dif¬ 
fracted scaly, the scales with free ends, or even more or less con¬ 
spicuously revolute, margin often rimose, sometimes becoming 
excoriate or deeply split in age, color at first uniformly white, 
remaining so at the center, toward the margin becoming more or 
less yellowish or tinged with buff (“cartridge buff’’ to “cream buff,” 
or maple 11E4 or chamois 1115) ; context 2-3 mm. thick off the 
disc, hard, white or pallid, unchanging on exposure, odor spermatic 
for an instant when the context is first cut open, then immediately 
becoming and long remaining very fragrant, almost exactly like a 
mixture of the odors of sweet pea and Convallaria wajails; lamellae 
adnexed, in some almost free, slightly to broadly and deeply 
rounded close to the stipe, bluntly pointed at the cap margin, 
ventricose, moderately broad (4-5 mm.), rather close, 60-70 
reaching the stipe, with 2 or 3 series inserted in varying lengths, 
color at first pallid, becoming India buff 12E5, finally brownish 
olivaceous (Isabella 13K7 to maple sugar 14J8, bronze 141 <9, or 
14G7) ; stipe 3.5-8.5 cm. long, 2.5-7 mm. thick, terete or some¬ 
what compressed, frequently flexuous, base with a distinct and 
sometimes conspicuous marginate bulb 6-12 mm. thick, solid, the 
context hard, often spirally twisted, white to pale yellowish, un¬ 
changing on exposure but becoming a little flushed with brownish 
or incarnate at the surface in age, surface somewhat shining, every¬ 
where densely white-pruinate, conspicuously and broadly longi¬ 
tudinally hygrophanous-grammate, color at first “cartridge buff” 
becoming “ivory yellow” to chamois 1115, then in age more or less 
flushed with brownish or incarnate shades, such as “cinnamon 
buff,” Pablo 12G7, or even Centennial brown 13K8. 

Spores 7-9 (10) X 5.5—6.5 (7) /x, merely angular to decidedly 
nodulose; pleurocystidia 43-58 (60) X 10-16.5 /x, subfusiform to 
sublanceolate, apedicellate, very thick-walled; cheilocystidia of two 
kinds, one like the pleurocystidia in size and shape, the other 
smaller, clavate, thin-walled, 15-22.5 X 9-11 /x, in dense clusters. 

Habit, habitat and distribution: Under conifers, lower Tahoma 
Creek, Smith and Stuntz, September 18 (St. 4646 — type) ; lower 
slopes of Tumtum Mountain, along lower Tahoma Creek, Septem¬ 
ber 26 (St. 4800). 

Discussion: The white silky pileus which becomes scaly and 
more or less flushed with yellow, the pruinate, marginate-bulbed, 
pale yellow stipe, and especially the persistent, sweet odor, closely 
resembling that oI the Common sweet pea, are the distinguishing 
characteristics of this species. There is no tendency of any part 
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of the pileus or stipe context to become reddish on exposure to air, 
as is usually the case with Inocyl)es having an aromatic odor. The 
most closely related species appear to be Inocybe Bresadolae 
Ma.ssee sensu Kuhner (1932, p. 158) and I. capucinc Fr. sensu 
Patouillard as described by Heim (1931, p. 290). From both 
of these, I. siuweolens differs in the much paler color of its pileus, 
and the complete lack of any change to red in the exposed con¬ 
text. To judge from the descriptions cited above, tbe odor of I. 
suavcolens is also different, but probably not too much emphasis 
should be placed on a characteristic as difficult to judge objectively 
as odor. 

Mycena fallax Smith sp. nov. Fiff. 3c, / 

Pileus 2—5 null, latus, obtiisus (ieiiiuiii coiivexiis vel planus, undulatus et 
plicato-striatus, glaber, iidus, aquosc albidus dcinde candidus, membranaceus; 
lamellae angustae, subdistantes, praedecurrentes, albidae: stipes 0.5-1 cm. 
longus, filiformis, glaber, albidus, insiticius; sporac 7-8.4 X 3-4 m anguste 
ellipsoidcae, .amyloidcac: pleurocystidia fusoide ventricosa, apicibus ecbinula- 
tis, 40-60 X 9 - 13 / 1 A; chcilocystklia pleurocystidia similis. 

Pileus 2-5 mm. broad, obtuse becoming convex, expanding to 
broadly convex or plane, the margin connivent to stipe at first, 
surface undulating and plicate-striate, glabrous and moist, watery- 
white or shining-white over margin and watery-white on disc, 
shining white over all when faded; flesh membranous and fragile; 
lamellae narrow, subdistant to distant, long-decurrent on the en¬ 
larged apex of the stipe, white like pileus, edges even; stipe 0.5-1 
cm. long, filiform or about 0.25 mm. thick, hyaline-white and 
perfectly naked (no pruinosity on youngest buttons), base in¬ 
serted on the substratum. 

Spores 7-8.4 X 3-4 /x, narrowly ellipsoid, smooth, distinctly 
amyloid when fresh, weakly amyloid after standing in herbarium 
two years; basidia four-spored, 26-30 X 7-8 fi : pleurocystidia 
40-60 X 9—13 /X, fusoid-ventricose, the apices simple to forked and 
with scattered echinulations, thin-walled and hyaline in KOH; 
cheilocystidia similar to pleurocystidia; cuticle of pileus of narrow 
filaments 2-3.5 /x in diani. and sparsely covered with short rod¬ 
like projections; caulocystidia present only near the gills and 
similar to pleurocystidia. 

Habit, habitat and distribution: Gregarious on Rubiis canes in 
very wet localities, Sandy, Oregon, November 5, 1947 (Sm. 28505 
— type). Two fruiting bodies were found in the Park in a dense 
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growth of Ritbus near a beaver pond along lower Tahoma Creek 
late in September, 1948, but the material was used up in the proc¬ 
ess of identification. 

Discussion: This is an easily recognized Mycena when fresh 
because of the echinulate cystidia and because the spores give a 
stronger amyloid reaction at that time than after the specimens 
have been dried. The cystidia have coarser echinulations than do 
those of M, borealis Smith. M. fallax seems to resemble M. 
litoralis Smith in many characters but has more strongly decur¬ 
rent gills and echinulate cystidia. 





Photo A. H. Smith 


Fig. 15. Mycena rainierensis, X 1. 
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Mycena rainierensis Smith sp. nov. Figs. 3b, d; 15 

Pileus 15-30 mm. latus, convexus demum late convexus, glaber, lubricus, 
striatulatus, margine albidis, disco pallide griseis; lamellae albidae, latae, late 
adnatae, confertae vel subdistantes; stipes 5-10 cm. longus, 1.5-3 mm. crassus, 
aequalis, glabcr, albidus; sporae 8-10 punctatae; cheilocystidia 60-120 X 
9_14/i, fusoide ventricosa, apicibus acutis. 

Pileus 15-30 mm. broad, convex with a straight to connivent 
margin, broadly convex in age, surface lubricous when wet, with 
fine translucent striations nearly to disc, white with a watery gray 
more or less sharply defined discal spot, some merely watery white 
to watery grayish over disc; flesh thin, pliant, odor and taste not 
distinctive; lamellae white, broad, bluntly adnate and horizontal, 
only moderately close, slightly avellaneous in age when water- 
soaked, edges even and concolorous ; stipe 5-10 cm. long, 1.5-3 
mm. diam., equal, glabrous, naked, dull white but shining when 
wet, transversely translucent-striate, with a slight pruinosity at 
line of gill attachment. 

Spores globose to subglobose, hyaline, H-lO/x in diam., amyloid, 
with a very thin amyloid exospore which soon disappears, endo- 
spore thicker and perforated with innumerable pores, the pore 
walls usually slightly amyloid; basidia two-spored and four-spored, 
27-32 X 8-9 ft; pleurocystidia none; cheilocystidia 60-120 X 9- 
14 ft, more or less fusoid-ventricose with subacute to obtuse apices, 
walls thin and often flexuous, hyaline; gill trama parallel or 
nearly so, the cells 10-15 ft in diam., cylindric and straight or 
curved; pileus trama homogeneous, the surface layer of hyphae 
slightly gelatinous. 

Habit, habitat and distribution: Gregarious in a wet area along 
a stream, Longmire Camp Ground, September 27 (Sm. 31845 — 

type). 

Discussion: Only the one collection was found. This species 
is obviously closely related to M. hisphaerigera (Lange) Smith by 
its spores and gill characters, but differs sharply in having the 
greatly elongated cheilocystidia as well as paler color. Tiie latter 
character alone, howevei, would not be regarded as very signifi¬ 
cant. Mycena cineraria Smith differs in having ellipsoid spores, 
dark colors, and pleurocystidia. Both the pleuro- and cheilo¬ 
cystidia of M. cineraria differ in shape from the cheilocystidia of 
M. rainierensis. 

Favre (1948) has published a very interesting account of the 
variants of Mycena (Fayodia) hisphaerigera He describes 
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Fayodia bisphacricjcra var. antliracobia as a new variety having 
cheilocystidia like those of M. rainierensls, but with the cap very 
(lark in color and the stipe very short (18 X 1.5 mm.). Its spores 
measure 6-8.5 fx in diam. His variety lonyicystis has more the 
stature of rainiercusis but differs in the greatly elongated cystidia. 
Without question Favre's two varieties and M. rainiercnsis should 
all be treated as of ecpial rank. I prefer to regard them as spe¬ 
cies, and hence describe M. rainiercnsis at that level. This pro¬ 
cedure more closely maintains the established concepts of species 
in Mycena, and is certainly of practical value if Fayodia is recog¬ 
nized as a genus. As Favre himself pointed out. his varieties 
differ from each other more sharply than do many related species 
in other genera, such as Clifocybe. 

Omphalina isabellina sp. nov. Fiej. 16r, rf, r, f 

Pilcus 5-15 nim. latus, convexus. deinuni late convexus, impolitus demum 
.subfurfuraceus, hygrophanus, olivaceus vel siib-olivaccus deindc Isabellinus 
vel subochraceus, striatus; lamellae decurrentes, distantes, latae, olivaceae vel 
subolivaceac; stipes 1.5-3 cm. longus, 1-2 mm. crassus, aequalis, subolivaceus 
vel olivaceo-lutcus, pubescens demum glaber vel impolitus; sporae 5-6.5 
(7) globosae, amyloideae; pleuro- et cheilocystidia nulla; pilo- et caulo- 
cystidia ventricosa vel subcylindrica, distinctissima. 

Pileus 5-15 mm. broad, convex with a curved in margin when 
young, broadly convex to nearly iilane in age, the margin finally 
wavy or recurved, surface moist and hygrophanous but with a 
velvety sheen or minutely scurfy from projecting pilocystidia, 
“sepia” to dark “Isabella color” or more olivaceous at first, be¬ 
coming “Isabella color” to “light brownish olive,” finally “olive 
ocher” to ‘‘honey yellow” with ‘‘light brownish olive” to ‘‘Isabella 
color” striations, sometimes eventually pale yellow and striations 
inconspicuous; flesh dark olivaceous, pliant but in age fragile, odor 
and taste not distinctive; lamellae decurrent, distant, broad, 
tapered to either margin, “deep olive buff” to pallid olivaceous 
yellow, usually not as yellow as cap and stipe, edges even; stipe 
1.5-3 cm. long, 1-2 mm. thick, ecpial, concolor with cap margin to 
ocher yellow, more sordid downward, pubescf*nt at first from pro¬ 
jecting caulocystidia hut in age glabrous to unpolished. 

Spores globose to subglobose, 5-6.5 (7) ft, smooth, amyloid; 
basidia 46-50 X 9-10 ft, four-spored, hyaline in KOH; pleuro- 
cystidia and cheilocystidia none; gill trama interwoven, central 
core of very large cells which are pale yellow in water mounts of 
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fresh material, merely pale yellow revived in chloral-hydrate- 
iodine solution and hyaline revived in KOH; pileus trama loosely 
interwoven, cuticle composed of a turflike covering of large 
pilocystidia with smoky yellow contents (H^O mounts of fresh 
material), the pilocystidia arising from enlarged cells also having 
smoky yellow contents (when revived in KOH contents of both 
types of cells dull brown); pilocystidia more or less fusoid 
ventricose with obtuse apices, 40-70 X 9-16/x; caulocystidia simi¬ 
lar to pilocystidia or with greatly elongated necks above ventricose 
base, some subcylindric, 40-120 X 7-12 /x. 

Habit, habitat and distribution: Gregarious to scattered on very 
old mossy Douglas fir logs, lower Tahoma Creek, August 14, 
Stuntz (Sm. 30087 —type). A previous collection of the same 
species was made by the senior author on a similar Douglas fir log 
at Rhododendron, Oregon, October 14, 1944 (Sm. 19695). 

Discussion: This species is very easily recognized by the Isabella 
to olive colors, velvety cap and hoary to pubescent stipe. It is most 
interesting, however, in view of recent attempts to revise generic 
concepts among the white spored agarics. This species is ex-* 
eluded from Mycena in the concept of Smith (1947) by having de¬ 
current gills and an incurved cap margin. Singer (1942, pp. 128- 
9) published a short key separating the Marasmioideae with amy¬ 
loid spores. O. isabellina has some of the characters of his Hy¬ 
dropus, but does not fit readily into any of the genera. Actually, 
our species does not appear to belong in Singer’s Marasmioideae 
in spite of a faint resemblance in stature and consistency to Xerom- 
phalina campanella. O. isabellina does, of course, fall readily into 
the Friesian genus Omphalia (Omphalina if the International Rules 
are followed), but would doubtless be excluded by those who re¬ 
strict Omphalina to species with nonamyloid spores. However, 
we prefer to place it here at least for the present, where it can be 
found easily. 

Psathyrella alboalutacea Smith sp. nov. Figs. 3g, h; 16a, b; 17 

Pileus (2) 3-5 (6) cm. latus, obtusus vel convexus, demum planus vel 
subumbonatus, siccus, innato-fibrillosus demum squamulosus, squamulis 
albidis demum alutaciis; margo appendiculatus^; lamellae adnatae, secedentes, 
confertae, angustae, latae, albidae demum subfuscae (“hair brown”) ; stipes 
3-5 cm. longus, 10-12 mm. crassus, durus, farctus, intus albidus vel deorsum 
incarnatus, deorsum fibrillosus, sursum striatus; sporae 7.5-9 X 4-4.5>; 
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pleurocystidia clavata vel subvesiculosa, pedicellata, 25-40 X 10-14 /a, vel 
fusoidea et apicibus obtusis vel subacutis, 40-53 X 9-14 /*. 

Pileiis (2) 3-5 (6) cm. broad, obtuse to convex at first, be¬ 
coming plane or nearly so, the disc in some elevated as a low broad 
umbo, surface dry and fibril lose, the fibrils innate and forming an 



Photo A. H. Smith 

Fig. 17. Psathyrella alboalutacca, X 1. 
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appressed, cottony mat over the buttons which are pure white, the 
fibrils soon becoming aggregated into patches and discoloring to 
avellaneous or wood brown, the di.sc at times sordid alutaceous, at 
maturity entire surface off-color toward cinnamon buff or disc 
brownish (near cinnamon brown), margin fibrillose-appendiciilate 
to cottony-appendiculatc at first but finally nearly naked; flesh 
firm and hard (for this genus), hygrophanous, watery avellaneous 
fading to whitish, odor faintly fragrant but soon fading, taste not 
distinctive; lamellae depressed-adnate, seceding, close, narrow to 
moderately broad, white to very pale avellaneous becoming drab 
gray to hair brown, edges white-floccose; stipe 3-5 cm. long, 10-12 
mm. thick, firm and hard, stuffed but becoming hollow, white 
within but pinkish to orange-pink in the base, surface usually with 
discolored fibrils over lower half, in others white fibrillose, upper 
half white and longitudinally striate. 

Spores 7.5-9 X 4-4.5 /a, smooth, dark cocoa-color revived in 
KOH, narrowly oval to suboblong in face view, in side view *he 
ventral line slightly concave and dorsal line slightly convex, apical 
pore present but inconspicuous; basidia four-spored, hyaline in 
KOH, 28-34 X 5.5-7/A, narrowly clavate; paraphyses basidioid; 
pleurocystidia rare to scattered and mostly imbedded, of two types, 
the first clavate to subvesiculose-pedicellate, 25-40 X 10-14 /a, thin- 
walled, smooth and hyaline in KOH, the second type fusoid and 40- 
53 X 9-14/A, thin-walled, hyaline in KOH, smooth, apices obtuse 
to subacute; this type varying to submucronate, when fresh often 
filled with oil droplets; cheilocystidia mostly similar to fusoid type 
of pleurocystidia or more ovate-pointed, a few clavate to sub- 
cylindric, 32-48 X 9-14 /a, hyaline and smooth in KOH; gill 
trama hyaline in KOH; pileus trama with a thick (300 /a) layer of 
veil hyphae bearing clamps, this layer very loosely interwoven and 
all but surface elements (which are discolored) hyaline in KOH, 
beneath this a cuticle of compactly arranged cells appearing vesicu- 
lose to pseudoparenchymatic in cross section (these hyaline in 
KOPI), tramal tissue beneath cuticle hyaline in KOH. 

Habit, habitat and distribution: Cespitose on dead alder wood 
(stumps, logs, etc.), July 28, lower Tahoma Creek, Smith 29505 
—type. Additional collections from the same locality are as follows: 
July 23 (Sm. 29308 ); August 7 (Sm. 29916) ; August 20 (Sm. 
30360 ); August 22 (Sm. 30421) ; AugUvSt 25 (Sm. 30591 ); August 
27 (Sm. 30687). 

Discussion: The distinguishing features of this fungus are the 
innately white fibrillose caps of button stages, the fibrils or scales 
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discoloring to alutaceoiis at maturity or in age, the spores (7.5-9 fi 
long), the two types of pleurocysticlia, the pinkish to pinkish orange 
discoloration in the base of the stipe, and the clustered habit. It 
appears to be most closely related to P. mac ulata, a species described 
by Parker from Atkinson’s Mt. Rainier collections. It differs in 
having larger spores and different pleurocystidia as well as in the 
color of the scales on the cap. In P. maculata the young caps are 
nearly fuscous. Both have been found growing on the same alder 
stub. It is unquestionably closely related to Hypholoma scohina- 
ceum of European authors, but the gills are never tinged flesh 
color, and the pileus is never fuscous, unless very old discolored 
specimens are taken into account. 

Psathyrella candidissima Smith sp. nov. Pigs. \6g, /i; 18a 

Pileus 2-4 cm. latus, obtuse conicus demum subumb('>natus, albo-fibrillosus 
demum squamulosus, glabrescens, candidus; lamellae confertae, angustae, 
adnatae, secedentes, candidae demum subfuscae (“light drab”) ; stipes 5-10 
cm. longus, 4-6 mm. crassus, aequalis, cavus, candidus, floccoso-fibrillosus, 
subglabresceiis; sporae 8-10.5 X 4-5 Ai; pleurocystidia 32-40 X 10-15 ven- 
tricosa, apicibus late rotundis. 

Pileus 2-4 cm. broad, obtusely conic at first, expanding to nearly 
plane or with a low obtuse umbo, surface at first coated with a 
layer of snow-white fibrils more or less radially arranged and which 
become aggregated into fascicles before disappearing entirely, sur¬ 
face glabrous in age, snow-white beneath the fibrils w'hen young, 
scarcely changing color in age or only the disc becoming cream 
color, the margin appendiculate from remains of the veil; flesh very 
brittle but also soft, watery pallid, fading to white, odor and taste 
not distinctive, no color change when bruised; lamellae close, thin, 
narrow, ascending-adnate and soon seceding, snow-white, becom- 
ing “light drab,” edges even; stipe 5-10 cm. long, 4-6 mm. thick 
at apex, equal, hollow, fibrous, snow-white throughout, surface 
floccose-fibrillose from veil and at first wfith a slight evanescent 
zone near apex or above middle, floccose-pruinose above the zone. 

Spores 8-10.5 X 4-5 ^u,, smooth, subelliptic in side view, in face 
view elliptic to subovate and broadest near base, chopolate color 
revived in KOH, pore apical but indistinct; basidia four-spored, 
hyaline in KOH, 18-23 X 7-8.5 /a; paraphyses basidioid; pleuro¬ 
cystidia scattered to abundant, ventricose with short broad necks 
and broadly rounded apices, 32-40 X 10-15 /a, smooth, thin-walled, 
hyaline in KOH; cheilocystidia abundant, hyaline, fusoid-ventri- 



Smith and Stuntz: New Fungi 


123 


cose, apices obtuse, 32-50 X S-12 /a. some small inflated to clavate 
cells also present; gill trama hyaline in KOH, subhymenium cel¬ 
lular; pileus trama hyaline in KOH, cuticle of a layer of pseudo- 
parenchyniatic cells only somewhat larger than diameter of cells of 
the flesh. 

Habit, habitat and distribution: Gregarious on alder debris, 
lower Tahoma Creek, about 100 yards below the old Tahoma Creek 
Forest Camp, August 6, Sm. 29871 —type. 

Discussion: The outstanding features of this sj)ecies are the lack 
of an annulus, medium sized spores and broadly rounded pleuro- 
cystidia. Although found but once the species is so outstanding 
that it merits description. A somewhat similar species, which oc¬ 
curs in the Cascades farther south, has a very fragrant odor and 
varies in the presence of an annulus. In some respects P. candi- 
dissima resembles P. insignis but the spore size, 6.2-7.5 X 3.2-3.S 
as compared to 8-10 X 4-5 fi, distinguishes them at once. P. 
candidissima belongs in the subgenus Hypholonia, Hypholoma 
cascum as described by Fries is quite similar in many respects, but 
Fries did not emphasize that his plant was shining white over all, 
in fact he described it as “gri.seo-alutaceo-albicans” on pileus and 
the gills “e griseo nigrofuscis.’’ He does not attribute to it either 
a fragrant odor or bitter ta.ste. This is important in view of de¬ 
scriptions by later authors. Fries’ description in Monograi:)hia 
(p. 426) puts even mure emphasis on the color of the pileus. Con¬ 
sequently it does not seem justifiable to identify the Mt. Rainier 
fungus with his species. The difiPereiue in width of the gills as 
expressed in our description and in all those by Fries (narrow as 
contrasted to “perlatis”) would appear to be an additional dis¬ 
tinguishing character. 

Psathyrella caput-Medusae (Fr.) comb, nov.* Pigs. 18/; c, d; 19 

Pileus 4-5 cm. broad at base, nearly 3 cm. high, obtusely cam- 
panulate, surface at first covered with small whitish superficial 
fibrillose scales which show a tendency to become fuscous or bister 
at the tips, glabrescent, surface dark snuff-brown to pale snuff- 
brown on disc, near sepia toward the margin, hygrophanous and 
fading in streaks to give marginal area a coarsely striate appearance, 

* Agaricus caput Medusae Fries, Epicr. p. 216. 1838. 
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near cinnamon huff faded; flesh firm but fragile, near snuff-brown 
moist, fading to near avellaneous, taste mild, odor sweetish aro¬ 
matic; lamellae close to crowded, broad, ascending adnate, avel¬ 
laneous becoming wood brown, edges even to slightly crenulate; 
stipe 8-10 cm. long, 7-8 mm. thick at apex, equal, hollow but not 
exceptionally fragile, cavity lined with avellaneous tissue, cortex 






Photo A. H. Smith 


Fig. 19. Psathyrella caput-Medusae. 
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paler (whitish), surface white and densely fibrillose-squarrose 
scaly below the cottony-membranous, fringed annulus, scales white 
but tips fuscescent, pruinose-silky-striate above the superior ring. 

Spores 9-11.5 X 4.5-6/X, bright cocoa-color revived in KOH 
but darkening somewhat on standing, subinequilateral to subelliptic 
in side view, apiculus distinct, suprahilar depression slight, in face 
view broadest near the ovate-pointed l)ase, evenly tapered to a 
rounded apex, apical pore not visible under oil; basidia clavatc, 
four-spored, 23-28 X 9-10/x, hyaline in KOH; pleurocystidia 3f)- 
54 X (12) 14-20 (22) /x, hyaline in KOH, broadly ventricose with 
a short neck ending in an obtu.se apex, thin-walled, many with nu¬ 
merous minute oil droplets; cheilocystidia similar to pleurocystidia 
or narrower and more elongated, 50-65 X 9-13 /x, the neck often 
drawn out and flexuous, a])ices obtu.se, some with oily content, some 
homogeneous, thin-walled and hyaline in KOH ; gill Irama parallel, 
hyaline in KOH or at fir.st flushed cinnamon; pileus trama parallel, 
hyaline in KOH or soon fading (flushed cinnamon when first re¬ 
vived), cuticle a layer of pseudoparenchyma 3-5 cells deep, the 
cells not greatly enlarged. 

Habit, habitat and distribution: C espito.se on a conifer stum]) 
near Reflection I^ake, September 3, collected by Stuntz (Sm. 
30907). 

Discussion: The diagnostic features of this .species are the habi¬ 
tat on conifer wood, the sweeti.sh-aromatic odor, the darkening 
veil remnants, obtuse ])leurocy.stidia many of which have oily con¬ 
tents, s])ore size, and very ob.scure apical pore of the spore. We 
have a somewhat similar species in our western mountains with a 
white pileus and different habitat which will be considered in a later 
paper. According to our observations P. capitt-Mcdusae is an ex¬ 
ceedingly rare fungus in North America. We know it from only 
this one collection. Morgan (1908) recognized it on the basis of 
its being reported from the Pacific Coast but a.scribed spores 16-18 
X 5 /X to it. We have not examined specimens, and exclude this 
report on the basis of the description. The Friesian account 
(Epicr. p. 216) describes the essential features of our collection. 
Lange's description and illustration cover oui material even better. 
It remains to be seen whether the oily content of some of the cy.stidia 
is a character of importance. At present we do not so regard it. 
It seems apparent that the species has been variously treated by 
European authors. Rea (1922) classifies it as to group in having 
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an innately fibrillose pileus but in his description says it soon be¬ 
comes smooth. He gives the spore size as 8-9 X 4 /x and de¬ 
scribes the veil remnants as fuscous, not fuscesent. Bresadola 
states that it has no distinct odor, but in other respects his account 
covers our collection quite well. Through the courtesy of Seth 
Lundelb Upsala, Sweden, we have examined a collection by B. 
Norkrans from conifer wood near Upsala. The material was col¬ 
lected November 19, 1945 and identified by Lundell as Hypholoma 
caput-Medusae. Our Mt. Rainier collection is similar to this col¬ 
lection. In both the apiculus, obscure germ pore, and shape of the 
spore are identical as are also the jdeuro- and cheilocystidia, thick 
cuticle of the pileus, and lack of color in the flesh of the pileus when 
the latter is revived in KOH. The species finds a logical place in 
Psathyrella among the annulate species of the subgenus Hypholonm. 

Psathyrella Naucoria Smith sp. nov. Fig. 18(?, /, g, h, i 

Pileus 1-3 cm. latus, late convexus demuni planus, margine incurvo, dcmutn 
recurvo, glaber, hygrophanus, cinnamomeo-brunneus dein pallide argillaccus^ 
lamellae pallidae demum cinnamomeae vel cinnamomeo-purpiircae, confertac, 
angustae, late adnatac; stipes 1-2.5 cm. longus, 2-3 mm. crassus, glaber, 
cartilagineus, pallide ochroleucus demum subargillaceus; sporae in cumulo 
“Verona brown,” 5-5.8 (6) X 3.5-4 X 4-4.7/*, comprcssae; pleurocystidia 
28-36 X 8-14 fu.soide ventricosa vel ventricosa-mucronata, crassotunicata, 
apicibus incrustatis. 

Pileus 1-3 cm. broad, broadly convex with an incurved margin, 
becoming plane or margin uplifted, glabrous, when moist striatu- 
late on margin, hygrophanous, “cinnamon brown,’’ moist, fading 
to “cinnamon buff” or “pinkish buff,” fading on the disc first; 
flesh thin but relatively firm, pallid, no odor or taste; lamellae pal¬ 
lid young, soon tinged cinnamon and becoming dark cinnamon- 
brown, finally with a purplish red tinge, close to crowded, narrow, 
horizontal and bluntly adnate, becoming shallowly adnexed, edges 
even; stipe short, 1-2.5 cm. long, 2-3 mm. thick at apex, usually 
curved, glabrous (no veil on buttons), stuffed with a pallid to 
white pith, distinctly cartilaginous-pliant rather than fragile, sur¬ 
face pruinose above, pallid honey-color young, cinnamon buff or 
darker in age, base slightly mycelioid. 

Spores “Verona brown” to near “warm sepia” in deposits, very 
pale under the microscope in HjO mounts of fresh material, when 
revived in KOH immature spores pale cocoa-gray, 5-5.8 (6) X 
3.5-4 X 4-4.7 fly at least some slightly compressed, broadly sub- 
ovate to subglobose in face view, subelliptic in side view, pore^apical 
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but minute; basidia four-spored, 15-17 X 5.5-6.3/n, hyaline in 
KOH; paraphyses basidioid; pleurocystidia abundant, 28-36 X 
8-14 fusoid-ventricose to ventricose-mucronate, thick-walled at 
least above and mucro usually incrusled with an exudate, hyaline 
in KOH; cheilocystidia similar to pleurocystidia or thin-wallcd 
and vesiculose to clavate, 26-34 x 10-16 fi, hyaline in KOH; gill 
trama parallel or nearly so, hyaline in KOH; pilcus trama hyaline 
in KOH, cuticle of an irregular ])alisade of clavate cells from be¬ 
tween many of which clavate to sub-cylindric pilocystidia arise, 
these sometimes elongated into filaments, clamp connections pres¬ 
ent at cross walls. 

Habit, habitat and distribution: Gregarious to scattered on very 
decayed alder logs, lower Nisqitally River, August 3, Sm. 297S5 — 
type. Coll. Sm. 3032S was made from the same log August 18. 

Discussion: This s])ecies closely resembles Psathyrella campto- 
poda (Pk.) Smith comb, nov.* in habit, habitat on hardwood logs, 
pale spores under microscope, thick-walled pleurocystidia and 
stature. It diflFers chiefly in its much broader (in face view) 
slightly compressed spores. The color of the spores in KOH 
clearly indicates its proper position in FsathyvcUa rather than in 
Naucoria, The juirplish red tinge of the gills develops slowly so 
that it is not too reliable as a generic character. 


Psathyrella rubicola Smith sp. nov. Figs. 20a, h, c,d, c 

Pileus 2.S-4 cm. latus, convexus vel subconicus, (\emum planus, albo- 
fibrillosus demum fibrilloso-sciiiamulosus, glabrcscens, marginc appendiculatus, 
hygrophanus, sordide lutco-brunneus dein pallitle arRiHaceus; lamellae pallidae 
(“tillcul buff’') demum pallide fuscac. confertae, latae, late adnatac, sece- 
dentes; stipes 4-5 cm. longus, 3-5 mm. crassus, cavu.s, fragilis, candulus, 
fibrillosus, glabrescens ct aquose pallidus; sporae 7.5-9 X 4-4.5/x; pleuro¬ 
cystidia 46-60 X9-14/^, acuta, in KOH pallide vinaceo-tincta. 


Pileus 2.5-4 cm. broad, ovoid to convex, becoming obtusely 
conic to convex or finally plane, surface at first covered with white 
fibrils which soon are grouped into fascicles and disappear (over 
disc first), margin conspicuously fi*»rillose-appendiculate from r- 
mains of the thick, fibrillose veil, surface beneath fibrils tawny 
olive” but eventually darkening to drab from the spores, n a g 
translucent-striate in age before fading, fading 
buff or paler: flesh watery, very fragile no odor; lamellae tdleul 
buff” becoming “wood brown” to paler fusees 
broadly adnate, readily seceding, edges even, j p 
* Agaricus camp, opus Peck, Ann. Rep. N. Y. State r«s. 53 : 845. 1900. 
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Fig. 20. Spores and cystidia of Psathyrella. 
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3—5 mm. at apex, enlarged slightly downward, hollow, very fragile, 
white at first because of the dense fibrillose covering, usually with a 
superior fibrillose zone from broken veil, also filirillose-floccose 
above the zone, watery pallid to grayish beneath the fibrils. 

Spores 7.5—9 X 4—4.5 /i, ellipsoid, smooth, terete, chocolate color 
revived in KOH, apical pore small but distinct; basidia hyaline in 
KOH, four-spored, 20-24 X 8-9/x; paraphyses basidioid; pleuro- 
cystidia 46-60 X 9-14 /a, very abundant, fusoid-ventricose with 
acute apices, as revived in KOH with slightly thickened walls 
and hyaline to faintly vinaceous in KOH, the walls often flexuous, 
apices smooth; cheilocystidia of two types, clavate to vesiculose 
and up to 12-14 /a broad, these thin-walled and hyaline or faintly 
yellowish only at the base, second type fusoid-ventricose with acute 
apices, 28-40 X 9-15 ft, thin-walled, smooth and hyaline in KOH; 
gill trama pale cinnamon and soon fading to hyaline in KOH; 
pileus trama in KOH tinged cocoa-brown at first, becoming 
bright rusty brown just under the cuticle and paler elsewhere after 
standing a few minutes, cuticle a layer of vesiculose cells several 
cells deep. 

Habit, habitat and distribution: Single or in grou])s of 2-3 
carpophores on decaying canes and roots of Rubus species (occa¬ 
sionally along rotten alder logs, but here the possibility of a con¬ 
nection to Rubus could not be ruled out), lower Tahoma Creek 
al)OUt a mile above the old Tahoma Creek Cam]) Ground, July 19 
(Sm. 2Q142 —type). Additional collections are Sm. 2^148 (1 
carpophore) and Iinshaug 2070 (1 carpophore). 

Discussion: This species is distinguished from all other species 
of Fsathyrella known to me by the combination of spore size 
(7.5-9 X 4-4.5 fi) and acute pleurocystidia which as revived in 
KOH have slightly thickened walls and are frequently tinged 
vinaceous. There are at least two other species in North America 
with pleurocystidia similar to those of P . rubicolci but buth have 
distinctly smaller spores. They will be discussed in a future 
paper. Macroscopically the heavy, fibrillose, white veil and habitat 
are distinctive. I suspect the species of being typically vernal in 
its seasonal fruiting habits as it was apparently near the end of its 
fruiting cycle when first discovered. The species belongs in the 
subgenus Hypholoma. 
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Psathyrella subalpina sp. nov. Fig. 20/, g, h, j 

Pileus 2-4 cm. latus, obtusus demum late convexus vel planus, saepe 
subumbonatus, canescens, glabrescens, hygrophanus, subspadiceus demum sub- 
cinnamomeus; lamellae confertae, adnatae, angustae demum latae, avellaneae 
demum purpureo-cinnamomeae; stipes 3-6 cm. longus, 4-6 mm. crassus, sur- 
sum attenuatus deorsum pallide fibrillosus, sursum prutnosis, brunneus, deor- 
sum fuscescens; sporae 6-7 X 4-4.5 ; pleurocystidia 34-46 X 8-12 ventri- 
cosa, apicibus subcapitatis vel obtusis. 

Pileus 2-4 cm. broad (probably larger when fully mature), but¬ 
tons obtuse and expanding to convex or plane, occasionally with 
a broad low umbo, surface at first hoary to near center from a thin 
coating of veil fibrils, glabresccnt over all except the incurved 
margin which retains a zone of avellaneous fibrils, surface moist 
and hygrophanous, “russet’* at first but shading to cinnamon in 
fading; flesh thick, watery cinnamon-brown, taste none, odor im¬ 
perceptible or very faint and reminding one of cinnamon; lamellae 
close, adnate, narrow to moderately broad, near avellaneous in but¬ 
tons, changing through wood-brown to a dark purplish-cinnamon- 
brown. edges even; stipe (2) 3-6 cm. long, (3) 4-6 mm. diam., 
somewhat enlarged downward and with a mycelioid base sunken* 
into the soil, surface pallid-fibrillOwSe from the pale avellaneous 
veil, pallid and pruinose near apex, hollow, brownish within and 
cinnamon-brown in the base, lower half glabrescent, in old carpo¬ 
phores darkening from base upward. 

Spores 6-7 X 4-4.5 /a, chocolate-color revived in KOH, smooth, 
very slightly bean-shaped in side view, in face view oblong to 
obscurely truncate-oblong, apical pore distinct; basidia four-spored, 
20-24 X 6-7.5 /u,, hymenium in thin sections hyaline, tinged cinna¬ 
mon-yellowish in thick sections; paraphyses basidioid; pleuro¬ 
cystidia abundant, thin-walled, hyaline and smooth in KOH, 34- 
46 X 8-12/X, ventricose with a narrowed neck and subcapitate 
apex but apex typically obtuse rather than broadly rounded; 
cheilocystidia of two types, the first similar to pleurocystidia, the 
second clavate to subsaccate and 12-18 X 7-12/x, thin-walled, 
hyaline; gill trama parallel or nearly so, tinged cinnamon when 
revived in KOH, but soon fading, hyaline in mounts of fresh ma¬ 
terial in H.^O and KOH; pileus trama dull cinnamon revived in 
KOH, hyaline or nearly so in fresh material as mounted in HoO, 
brownish in KOH, cuticle a layer of elongated to vesiculose cells 
arranged in more or less upright chains, the vesiculose cells usually 
the two rows nearest the surface, yellow in water mounts of fresh 
material, cinnamon in KOH, when revived in KOH dark cinna¬ 
mon brown to russet. 
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Habit, habitat and distribution: Scattered on soil forming face 
of bank along trail, roots of conifers close by, elev. ± 4500 ft., Sep¬ 
tember 10, collected by D. E. Stuntz (Sm. 31103 —type). Addi¬ 
tional collections are: Sm. 30166, August 15, and Sm. 30646, 
August 26, all from the same spot as the type. 

Discussion: The small spores and avellaneous veil distinguish 
this species, but the most interesting character is the structure 
of the cuticle of the pileus. In nearly all members of the subgenus 



the cells of this layer are hyaline either in water or revived in 
KOH, but in this species they are colored and when revived in 
KOH become very dark rusty brown much as in the cells forming 
the surface layer of the pileus in Cystodenm amianthinum. Al¬ 
though no globose cells become dusted over the pileus in F. 
subalpina, the manner in which the cuticle forms is quite similar in 
both species. If, in P. subalpina, the hyphae which produce the 
cuticular cells underwent a larger number of di- isions and the re- 
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suiting chains of cells broke up at least in their terminal portions 
into individual cells, we would have the cystoderma-type of cap 
covering. This is of interest to students of phylogeny within the 
Coprinaceae because of a large number of species in Coprinus and 
a few in Pseudocoprinus which do have granulose pilei—the 
granules supposedly derived in a large part from the tissue of the 
universal veil. 

Psathyrella subtenacipes Smith sp. nov. Fi(/s. 20i; 21a, b 

Pileus 1-2.5 cm. latus, obtuse conicus demum subumbonatus vel planus, 
udus, hygrophanus, pallide ciniiamonico-brunneus delude pallide argillaccus, 
niargine appendiculatus; lamellae confertae vel subdistantes, late adnatae, 
latae, pallidae demum subfuscae; stipes 3-4.5 cm. longus, 3-3.5 mm. crassus, 
deorsum .subincrassatus, cavus, subtenax, alhidus, fibrillosus; sporae 7.8-9.3 X 
5-5.6 M; pleurocystidia P. dcUneatac .similis. 

Pileus 1-2.5 cm. broad, obtusely conic, expanding to ])lane or 
slightly umbonate, surface moist and hygrophanous beneath a 
coating of white universal veil fibrils so thin it does not obscure the 
ground color, ground color pale cinnamon brown to clay-color 
moist, fading to cinnamon-buff on the disc and pinkish buff else¬ 
where, glabrescent or remaining slightly silky, margin appendicu- 
late at first; flesh very thin and fragile, watery brownish fading to 
nearly pallid, odor none; lamellae close to nearly subdrstant, bluntly 
adnate, moderately broad, pallid young, near hair brown in age; 
stipe 3-4.5 cm. long, 3-3.5 mm. at apex, slightly and evenly en¬ 
larged downward, hollow, cortex pallid and fibrous, not distinctly 
jragile for this genus, white but dull, more or less evenly appressed 
fibrillose from the remains of the veil (no zones or scales). 

Spores 7.8-9.3 X 5-5.6/JL, chocolate-color revived in KOH, 
smooth, elliptic to subelliptic in side view, pore apical and very 
small, in face view elliptic to ovoid; basidia 26-30 X 7-8.4 /a, nar¬ 
rowly clavate, four-spored, hyaline in KOH, paraphyses basidioid; 
pleurocystidia 50-70 X 10-15 /a, abundant, ventricose-mucronate 
but mucro elongating into a flexuous almost filamentose tip with 
an obtuse apex, ventrico.se portion usually widest above the middle 
and tapered to the base which arises in the subhymenium or gill 
trama, with a large oil drop wheti fresh material is.mounted in 
HjjO but homogeneous and hyaline in KOH, smooth as revived 
in KOH but apex with amorphous material incrusted on it as 
seen in water mounts of fresh material; cheilocystidia similar to 
pleurocystidia or smaller, some clavate to vesiculose cells present; 
gill trama hyaline in KOH; pileus trama hyaline in KOH, the 
cuticle of clavate to vesiculose cells 2-3 cells deep. 
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Habit, habitat and distribution: Single to gregarious on debris 
among willows and cottonwood, lower Nisqually River above junc¬ 
tion with Kautz Creek, August 3, Sm. 29757—type. Only the 
one collection preserved. 

Discussion : Single specimens of this species were encountered 
and found not to “run down” in my key. Since most were old it 
was assumed that the cystidia were abnormal. When young and 
freshly matured specimens were finally obtained it was realized 
that the species was one not previously encountered. Unfortu¬ 
nately, after that no more material was found. The shape of the 
cystidia places this species beside P. delineata, but there is little 
resemblance between the two in general a])pearance. A rather 
good field character, for any one well acquainted with the fragile 
nature of nearly all the smaller species of Psathyrclla, is the rela¬ 
tively pliant stipe. By virtue of the appendiculate cap margin the 
species logically belc)ngs in the subgenus IJypholouia. Specimens 
which haye lost all traces of a veil would be sought for in 
EiipsatJiyrclla, but there are no species known to me in this sub¬ 
genus which have this type of pleurocystidium. 

Thk Univkrsity ok Michigan Herbariitm, 

University of Michigan, 

Ann Arbor 

AND 

The Department of Botany, 

University of Washington, 

Seattle, Wash. 
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DESCRIPTION OF FIGURES 

The drawings were made with the aid of a camera-lucida. The cystidia 
are reproduced at approximately 750 X and the spores 1650 X. 

Fig. 3. a, Spores of Cortinarius suhtorius; b, spores of Mycena rainieren- 
sis; c, pleurocystidia and cheilocystidia of Cortinarius subtortus; d, cheilo- 
cystidia of Mycena rainiercmis: e, six)res of Mycena fallax; f, pleurocystidia 
of Mycena fallax; g, pleurocystidia of Fsathyrella alhoalutacea; h, spores 
of Fsathyrella alboalutacea. 

Fig. 5. a. Six spores of Inocybe armoricana; b, cheilocystidia of /. 
armoricana; c, four spores of /. fastiyiata f. alpestris; d, cheilocystidia of 
I. fastigiata f. alpestris; e, eight spores of /. griseo-lilacina; f, three 
pleurocystidia of /. griseo-lilacina; g, four pleurocystidia of /. laetior; h, 
spores of 1. laetior; i, spores of /. leioccphala; pleurocystidia of /. 
leiocephala. 

Fig, 10, a, Pleurocystidia of Inocybe oblectahilis f. decemgibbosa; b, five 
spores of /. oblectahilis f. decemgibbosa; c, spores of /. picrosma; d, five 
pleurocystidia of /. picrosma; e, spores of /. pyrotricha; /, four pleurocystidia 
of I. pyrotneha; y, eight spores of /. rainierensis; h, pleurocystidia of /. 
rainierensis; i, spores of /. suaveolcns; j, pleurocystidia of /. suaveolens. 

Fig. 16. a, Pleurocystidium of Fsathyrella alboalutacea; b, cheilocystidia 
of Fsathyrella alboalutacea; c, spores of Omphalina isabellina; d, pilocys- 
tidia of Omphalina isabellina; e and /, caulocystidia of Omphalina isabel¬ 
lina; g, cheilocystidia of Fsathyrella candidissima; h, spores of Fsathyrella 
candidissima. 

Fig. 18. a, Pleurocystidia of Fsathyrella candidissima; b, spores of 
Fsathyrella caput-Medusae; c, pleurocystidia of Fsathyrella caput-Medusae; 
d, cheilocystidia of Fsathyrella caput-Medusae; e, pleurocystidia of Fsathy¬ 
rella Naucoria; f, g, i, cheilocystidia of Fsathyrella Naucoria; h, spores 
of Fsathyrella Naucoria. 

Fig. 20. a, Pleurocystidia of Fsathyrella rubicola; b, c, and c, cheilocys¬ 
tidia of Fsathyrella rubicola; d, spores of Fsathyrella rubicola; /, pleuro¬ 
cystidia of Fsathyrella subalpina; g and h, cheilocystidia of Fsathyrella 
subalpina; i, cheilocystidia of Fsathyrella subtenacipes; j, spores of Fsathy¬ 
rella subalpina. 

Fig. 21. a, Pleurocystidia of Fsathyrella subtenacipes; b, spores of Fsathy¬ 
rella subtenacipes; c, spores of Clitocybe subvelosa; d, spores of Clitocybe 
gomphidioides. 



FURTHER INVESTIGATIONS ON THE 
PRESERVATION OF MOLD 
CULTURES > 

Dorothy I. Fennell, Kenneth B. Raper, and May H. Flickinger 
(with 1 figure) 

INTRODUCTION 

Uni ^ececlented study has centered upon the saprophytic molds 
during the past several years. This has resulted in large measure 
from the search for new antibiotic substances and from an inten¬ 
sive study of so-called deterioration processes In addition, there 
has been a generally quickened interest in these fungi in all fields 
where they occur as contaminants or where they seem to offer 
promise of producing desirable metabolic products. As the re¬ 
sult of this increased study, workers in many laboratories have 
established culture collections of varying size and diversity. In 
maintaining these cultures, two considerations are uppermost, 
namely, (1) how to prolong viability, and (2) how to preserve 
morphological and physiological characteristics in unaltered form. 

Much attention has been given to these matters at the Northern 
Regional Research Laboratory, and a considerable amount of in¬ 
formation has accumulated since our collection of cultures was 
established in 1940. The purpose of this paper is to review briefly 
some of our experiences with different methods of culture preser¬ 
vation, and to consider particularly some recent results obtained 
with cultures preserved in lyophilized form. 

Four years ago Rape^ and Alexander (1945) reported the suc¬ 
cessful application of the so-called lyophil process to the preserva¬ 
tion of a wide variety of molds. Prior to this time, bacteriologists 
such as Shackell (1909), Hammer (1911), Rogers (1914), Swift 
(1921 and 1937), Elser, Thomas and Steffan (1935), and Flosdorf 

1 Paper presented to the Microbiological Section, Botanical Society of 
America, Washington, D. C, September 10, 1948. 

135 



136 


Mycologia, Vol. 42, 1950 


and Mudd (1935 and 1938) had developed this technique for pre¬ 
serving bacteria and immune sera, and had reported the successful 
preservation of cultures of streptococci and other pathogenic bac¬ 
teria for periods up to 16 to 18 years. Wickerham and Andreasen 
(1942) had successfully used the metho<l for preserving yeasts. 
Insofar as we are aware, our laboratory was the first to utilize 
the method successfully for the maintenance of mold cultures. Es¬ 
sentially, the process consists of (1) suspending conidia or other 
propagative cells in sterile l)lood serum or some other protein-rich 
medium, (2) dispensing the suspension into suitable tubes or vials, 
(3) freezing the suspension instantaneously at temperatures well 
below zero (—40° to —50° C), (4) vacuum-desiccating the 
suspension from the frozen state, and (5) sealing under vacuum the 
tubes containing the desiccated preparations. 

Favorable viability tests at 20 to 24 months were reported by 
Raper and Alexander (1945) for many representative species of 
Aspergillus and Pcnidllium, for 19 species of the Mucorales be¬ 
longing to 14 different genera, and for a wide variety of other 
molds representative of the Fungi Imperfecti and the lower Asco- 
mycetes. Consistently negative results were obtained only from 
two members of the Kntomophthorales, namely, Entomophthora 
apiculata and a species of Conidiobolus. In the same paper favor¬ 
able viabilities up to 38 to 41 months were rej^orted for a more 
limited scries of cultures including a number of industrially im- 
])ortant strains, and others which possessed uniciue cultural char¬ 
acteristics or were reported to be unusually short-lived. Good 
to excellent viability was obtained in most species, and poor viabili¬ 
ties, wherever they occurred, could generally be attributed to a 
thin initial spore suspension, or were observed to be associated 
with forms producing large or highly organized reproductive cells. 
In all cases, the cultures developing from the lyophil preparations 
were entirely typig^l of the strains under observation. 

FIVE- AND SEVEN-YEAR LYOPHIL TESTS 

Since that time additional viability tests have been made on these 
same cultures after approximately 5 and 7 years. Partial results 
of the latter tests are shown in table I. Results of early and inter- 



TABLE I 

Viability of Lyophilized Preparations of Selected Mold Cultures Tested at Intervals up to 85 Months 
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mediate viability tests are reintroduced to provide a comparison of 
aged, intermediate, and newly processed cultures. Results of the 
five-year tests have been omitted since these were comparable in 
all cases with the seven-year viabilities; in fact, no marked decrease 
in viability was observed in any species during its entire period of 
lyophil preservation. Naturally, a certain degree of variability oc¬ 
curs. For example, two strains of BJakeslea trispora and two of 






Fig. 1. Comparative growth of three representative molds, (A) Penicillium 
notatum NRRL 824 (Fleming strain), (B) Aspergillus nigcr NRRL 328, 
and (C) Mucor Ramannianus NRRL 1559, inoculated with spores from (1) 
current agar stocks and (2) five-year lyophilized preparations. Substrate: 
Czapek’s solution agar. Incubaton: two days at 25® C. 

Phycomyccs Blakesleeanus showed only fair viability in the seven- 
year test after having been rated as good in all previous tests. On 
the other hand, cultures of Aspergillus flairiis (NRRL 693) and A, 
niger (NRRL 3) were rated as excellent after having been scored 
as good in ])revious* tests. A fluctuation in apparent viability of 
plus or minus 1 in our scoring system, which is admittedly arbi¬ 
trary, should not be regarded too seriously. It may indicate either 
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a difference in evaluation of growth by different observers^ or it 
may reflect differences in individual lyophil preparations, e.g.. 
variation in the spore density of different fractions of the original 
suspension or differences in the extent of vacuum desiccation. 

It is evident from the data of table T that the cultures under ob¬ 
servation have in most cases retained their viability almost un¬ 
changed during a storage ]^eriod of seven years. The viability of 
cultures of Blakeslea and Phycomyces may be on the decline; but 
simply to have maintained viable cultures of the former without 
transfer for seven years represents a considerable achievement. 
The recorded poor viability of Penicilliuin innaceum and Asper¬ 
gillus itacouicus is unquestionably due to the low spore content of 
the suspensions processed. For an Aspergillus, the latter species 
is unusually short-lived when maintained in agar slants in the con¬ 
ventional manner. 

Whereas relatively few cultures have been preserved in a desic¬ 
cated state for seven years, the entire mold collection as it then ex¬ 
isted (numbering about 1850 different strains) was so preserved 
in 1942, and these preparations are now six or more years old. 
Ttibes have been opened, as occasions demanded, and with very few 
exce])tions viabilities have been regarded as entirely satisfactory 
(FIG. 1). Raper and Alexander in 1945 presented results of tests 
made at V/j 2 years on l40 representative cultures from the 1942 
preservations, including 41 Aspergilli, 40 l^enicillia, 29 members of 
the Mucorales, and 31 miscellaneous forms. In 1947 a second 
set of tubes from the same series of 140 cultures was opened. Re¬ 
sults obtained in this five-year test, in the main, dui)licated those 
previously observed. In 14 strains a marked decrease in or lack of 
viability was recorded, while in 4 strains the rating indicated greater 
viability than had been previously reported. When du])licate prep¬ 
arations of nine of the strains showing reduced or no viability were 
examined, results equal to or approaching those at the two-year 
interval were observed in four cases, whereas in three the decreased 
viabilities indicated in the primary five-year tests were confirmed. 
In two others, cultures were found to be nonviable : in one case 
(Penieillium puherulum) the lyophil preparation was found to be 
suboptimal in character with very poor vacuum and containing a 
soft spongy pellet—while in the other {Chaetoelndium Brefeldii) 



140 


Mycologia, Vol. 42 , 1950 


no physical factors which might have adversely affected viability 
were observed. Tests were not repeated on five of the fourteen 
above-mentioned strains since no preparations of the original proc¬ 
essing date were available for testing. 

COMPARISON OF DIFFERENT METHODS OF CULTURE PRESERVATION 

In order to evaluate various methods of culture preservation, a 
rather extensive program was initiated early in 1946. The Mu- 
corales were selected as test organisms. Methods investigated in¬ 
cluded: (1) preservation in plain agar slants, (2) preservation in 
fertile garden soil, (3) preservation under a mineral oil seal, and 
(4) preservation in lyophilized form. 

The first method represented the conventional procedure prac¬ 
ticed in most laboratories, with cultures being grown on a suitable 
agar medium—in this case malt extract agar. The second methovl 
represented an adaptation of a technique long employed for the 
preservation of bacteria, particularly the anaerobic spore-forming 
Clostridia. As employed by us, the method followed the procedure 
recommended for the maintenance of molds by Greene and Fred 
in 1934 . With limited modifications, preservation in soil is widely 
employed in industrial laboratories for the maintenance of penicil¬ 
lin-producing molds and other economically important types. The 
technique of keeping cultures under mineral oil was developed for 
the preservation of bacteria by Ungermann ( 1918 ) , Michael ( 1921 ), 
Morton and Pulaski ( 1938 ), and others, and was, apparently, first 
used successfully for the maintenance of fungus cultures by Sherf 
in 1943 . More recently it has been employed by Wernham ( 1946 ) 
and Wernham and Miller ( 1948 ). Conservation of fungus cul¬ 
tures under oil has been warmly recommended by Buell and Weston 
( 1947 ). 

In preparation for the comparative tests, four-year-old lyophil 
tubes of 245 cultures belonging to the Mucorales were opened and 
recultivated on malt extract agar. The diflFerent types of cultures 
used for the subsequent comparison of methods were inoculated or 
prepared from spores obtained in this recultivation. For each of 
the 245 strains, the following number and types of cultures were 
prepared simultaneously: two plain malt extract agar slants, a sim- 
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ilar slant flooded with a layer of sterile mineral oil after satisfactory 
growth and sporiilation had occurred, a soil culture, and six lyo* 
phil preparations. All cultures were subsequently stored at 4*^ C. 

When the cultures were somewhat more than two years old, 
streak plates were made on malt extract agar from all preparations, 
care being taken insofar as possible to use approximately ecjual 
amounts of inocula from the different types of cultures. No growth 
resulted from 72 of the dried-out agar slant cultures. Forty-seven 
of the oil-covered slants and sixteen of the soil cultures were like¬ 
wise negative. In every case, however, lyophilized cultures yielded 
growth characteristic of the strains under observation, and in 235 
strains (96 per cent), the viability was rated as either excellent or 
good. In four ca.ses viability was quite poor. Good or excellent 


TABLE II 

Viability of Members of the Mucorales Conserved for 2 to 
Years by Different Methods of Culture Preservation 


. \ Viability 

Mt'thod ^ 

Excellent 


1 ■ 

Fair 

Poor 

Negative 

Lyophilized preparations 

205 

30 

6 

4 

0 

Soil cultures 

32 

102 

65 

30 

16 

Oil-sealed agar slants 

26 

95 

49 

28 

47 

Malt agar slants 

13 

49 

66 

45 

72 


viability was also recorded for 135 of the soil preparations, 123 of 
the oil-flooded slants, and 60 of the plain agar slants. These data 
are summarized in table II. 

Whereas no strict correlation was observable, a general relation¬ 
ship was found to exist between viability and species identity. 
Species of Blakes!ea, Chaetocladiiim, Circinella, and Cttnninghamelh 
showed the greatest percentage of non-viability, particularly in the 
plain agar and in the oil-covered slant cultures. For example, of 
17 strains of Circinella tested, only 5 remained viable under oil and 
an equal number, but not identical strains, on plain agar slants. Of 
six strains of Cunninghainella echinata tested, all failed to grow from 
the oil-covered slants, and only one of the plain agar slants yielded 
a viable culture. Two strains of Cha^tocladium Brefeldii likewise 
failed to grow from oil-covered cultures but grew poorly from plain 
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agar slants, whereas the single strain of Blakeslea trispora included 
in the test proved to be non-viable in both types of cultures. In 
all of the above cases, good to excellent viability was obtained from 
lyophilized cultures of similar age. 

Based upon these tests, which are summarized in table II, it 
would appear that the Mucorales can be maintained most satis¬ 
factorily in lyophilized form, with soil cultures, oil-covered agar 
slants, and plain agar slants representing progressively less favor¬ 
able methods. 

APPLICABILITY OF THE LYOPIIIL PROCESS TO THE PRESERVATION 
OF OTHER FUNGI 

Since the fungus cultures contained in the NRRL Collection 
represent, fcjr the most part, saprophytic molds important to agri¬ 
culture and the fermentation industries, our data on the applicability 
of the lyophil process to the preservation of fungi were largely lim¬ 
ited to molds of this type. 

Information regarding the preservation of other groups of fungi 
was deemed highly desirable. Additional species chosen for ex¬ 
ploratory investigations included a limited number of aquatic 
Phycomycetes, representative wood-destroying Hymenomycetes. 
and several fungi pathogenic to man and animals. The Phyco¬ 
mycetes were provided by Charles Drechsler, Bureau of Plant In¬ 
dustry, Beltsville, Maryland; the Hymenomycetes by Ross W. 
Davidson, also Bureau of Plant Industry; and the pathogenic forms 
by C. W, Emmons, National Institute of Health, Bethesda, 
Maryland. 

The strains belonging to each general group were cultivated on 
suitable media and lyophilized by our usual methods (see page 2; 
also Raper and Alexander, 1945). Desiccated preparations were 
tested for viability immediately after processing, with the following 
results: 

Aquatic Phycomycetes: Nine strains of Pythiiim, representing as 
many species, and one culture of Plectospira myrianda were tested 
with negative results. Earlier, in cooperation with Dn John R. 
Raper, University of Chicago, attempts had been made to lyophilize 
four strains of AcHlya, including two strains each of A, bisexualis 
and A, ambisexualis, in suspensions made both with blood serum 
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and with a thin starch paste. Negative results were obtained in 
these trials also and are confirmatory of those reported in Buell 
and Weston (1947) for members ol this group. 

Hymenomycetes: The cultures of wood-destroying fungi in¬ 
cluded three species of Polyporits, two each of Porta and Pomes, and 
one each of Stereum and Lcnzites. In our cultures, all but two 
of these produced conidia, oidia. or chlamydospores—all represent¬ 
ing types of spores thought to provide suitable material for lyophil 
desiccation. The two exceptions were Stereum rameale and 
Pomes pinicola. Lyophil preparations of all strains showed excel¬ 
lent viability except the two just mentioned and one additional 
strain, Pomes annosits. Of these, the two strains of Pomes showed 
limited viability. In three successive trials the strain of Stereum 
ramealt failed to survive the lyophil process. This was considered 
to result probably from an ob.served absence of suitable propaga¬ 
tive cells. 

Pathogenic Pungi: Among the pathogenic lungi received from 
Dr. Emmons were seven strains of Trichophyton, representing 
four species, and one strain each of Candida albicans, Sporotrichum 
schenckii, Cryptococcus neoformans, Blastomyces dermatitidis, and 
Histoplasma capsulatum. Excellent growth was obtained from 
lyophil preparations of all but the last three strains. Of these. 
Cryptococcus neoformans chowed good viability and the remaining 
two only fair. The apparent reduced viability of the latter may 
have resulted in large measure from a dearth of spores in the 
processed suspensions, or from the possible use of a suboptimal 
medium during recultivation. 

The reader may justifiably question the significance of viability 
tests made immediately following lyophil preservation. However, 
we have consistently ob.served during an eight-year period that, 
once cultures have been lyophilized successfully, they retain their 
viability with little or no apparent decline. When difficulties are 
experienced, they are encountered during the freezing and drying 
process. 

DISCUSSION 

The preservation of cultures in soil, as oil-covered agar slants, 
or in lyophilized form necessitates the expenditure of greater ini¬ 
tial time and effort than maintenance of the same cultures on plain 
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agar slants. Justification for such methods must rest, therefore, 
either upon prolonged viability or upon increased morphological 
or physiological stability. While our experience does not warrant 
categorical statements, it is becoming increasingly evident that 
among the molds producing abundant aerial spores, or conidia, 
viabilities are as a rule greatly prolonged by lyophil conservation. 
Furthermore, the new growth resulting from such cultures must 
develop from the actual spores or cells originally processed; hence 
the danger of variation is negligible except for the possibility that 
such may arise as a result of the freezing and drying process. It 
is significant that in eight years we have not observed a single 
instance where colonies developing from lyophilized spores dif¬ 
fered in any detectable degree from those resulting from normal 
undesiccaled spores of the same strain. Similarly, we have en¬ 
countered no case where biosynthetic capacity has diminished as a 
result of lyophilization. On the contrary, in the production of 
itaconic acid by Aspergillus tcrrcus, cultures preserved in desic¬ 
cated form have maintained their capacity to produce this acid, 
whereas cultures maintained on agar slants by periodic transfer 
have shown a marked decrease in biosynthetic capacity (L. li. Lock- 
wood, personal communication). The same may be said of the 
penicillin-producing species, Penicillium nqtatum and P. chryso- 
genum. However, too sweeping claims should not be made, and 
attention is called to the recent paper by Atkin ct ai. (1949), 
wherein lyophilization is reported to reduce the capacity of brewers* 
yeast to .synthesize essential vitamins. 

Most of the mold cultures which we maintain are well adapted for 
lyophil preservation since they produce abundant aerial spores or 
conidia. A limited number, however, cannot be satisfactorily 
maintained in this manner. These include forms which produce 
few or no conidia or other firm-walled propagative cells, and cer¬ 
tain species which produce spores that are unusually large or highly 
organized. Recent experiences with certain aquatic Phycomycetes 
emphasize the unsuitability for lyophilization of zoospores and 
other reproductive structures in these forms. Repeated tests have 
demonstrated that vegetative mycelia, fragmented or otherwise, 
cannot be successfully conserved, and our experience with a limited 
numl)er of wood-destroying species has confirmed this observation. 
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Species producing oidia or other propagative cells were success¬ 
fully processed; whereas in the absence of such cells, conservation 
by the freeze-drying technique was not realized. The importance 
of cell-type to successful application of the lyophil process is 
beautifully illustrated by slime molds belonging t(^ the genera 
Dictyostcliuni and Polysphondylium. Attempts to conserve the 
amoeboid vegetative cells have been wholly unsuccessful, whereas 
the capsule-like mature spores of all species tested are admirably 
suited for this type of preservation. Preparations up to eight 
years old (the maximum of our tests), if added to or preserved 
with a suitable bacterial ho.st (Raper, 1937), give rise to luxuriant 
and wholly typical cultures when recultivated upon suitable sub¬ 
strata. Such cultures develop almost as rapidly as others seeded 
with fii sh spores. 

Buell and Weston (1947) have correctly drawn attention to the 
limitations of the lyophil process as a means of conserving collec¬ 
tions of diverse fungi and have emphasized the utility of other meth¬ 
ods, notably conservation under oil. While we feel that they tend 
to over-emphasizc the difficulties to be encountered in applying 
thejyophil ])rocess, we are in essential agreement with them and 
fully recognize the vital role of other methods of conservation. As 
a matter of fact, and de])ending upon the nature and importance 
of the strains to be preserved, any one or all of the four methods 
of conservation discussed above may be used advantageously. 
Each has its strength and its weakness, which we believe can be 
summarized as follows: 

The agar slant method: Transfers, in whatever numbers are re- 
(juired, can be made ({uickly, and one can observe the fungus 
throughout its growth and development. Such cultures are not 
long-lived, however, and there is a constant danger of cultural or 
physiological variation with each period of regrowth, particularly 
if a degree of selection enters into the choice of the inocula used to 
establish succeeding transfers. 

The oil-seal method: The viability of cultures is generally in¬ 
creased, and the method is especially applicable to the conservation 
of mycelial or non-sporulating forms. Mites are effectively con¬ 
trolled. It is receiving enthusiastic acceptance by an increasing 
number of investigators. However, preparation requires additional 
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labor and the resulting sealed cultures must be stored in an up¬ 
right position at all times. 

Soil preservation: Culture viability is usually substantially in¬ 
creased, and, if proper care is observed in handling, satisfactory and 
uniform subcultures can be obtained from the same preparation 
over long periods of time. As with the oil-seal method, preparation 
requires additional work, and in this case it is impossible to ob¬ 
serve growth or to detect contamination without recultivation. 

Lyophil preservation: Culture viability is greatly prolonged; new 
cultures arise from the spores originally processed, and the prepara¬ 
tion of multiple tubes j^rovidcs a source of uniform inoculum over 
an indefinite period; the possibility of contamination by mites or 
microorganisms is eliminated by sealing preparations in glass; 
strain variation is minimized through infrequent recultivation; the 
diminutive proportions of the finished preparations are conserving 
of valuable storage space. The method’s most serious drawback is 
its inapplicability to the conservation of many types of fungus cul¬ 
tures which do not produce small, firm-walled spores or conidia. 
A less serious objection is the necessity of opening a new prepara¬ 
tion each time a new culture of “lyophil” origin is required. 
Finally, preservation in lyophil form entails a greater amount of 
effort than any of the preceding methods. 

SUMMARY 

If a culture lends itself to lyophil preservation, we believe this 
to constitute the most reliable means of maintaining it in unaltered 
form over long periods of time. In the long run it is also the least 
time-consuming. If the culture cannot be so preserved, one must 
rely upon alternative methods. Preservation in soil offers certain 
favorable advantages, but this method—like lyophil preservation— 
is not applicable to the maintenance of mycelial forms. If the cul¬ 
ture is strictly mycelial, or if very few spores are produced, preser¬ 
vation under oil generally affords the best means of conservation. 

Northern Regional Research Laboratory, 

Peoria, Illinois ^ 

2 One of the laboratories of the Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, U. S. Department of 
Agriculture. 
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MORPHOLOGY OF DISCISEDA CERVINA 


Sultan Ahmad 
(with 3 figures) 

The genus Disciseda was proposed by Czerniaiev (1845) for 
a plant in which the exoperidium had persisted as a disc at the 
base. As he neither described the relevant microscopical charac¬ 
ters nor gave any diagrams, the genus remained obscure and un¬ 
recognized for a very long time. Morgan (1892) described the 
genus Catastoma, characterized by the basal mouth, the capillitium, 
which consisted of short separate threads, and the apical collar¬ 
like remains of the exoperidium. Hollos (1903) dug o.it the 
generic name Disciseda and claimed that it was co-generic with 
Catastoma of Morgan. His labors, however, were not rewarded 
for a long time, as several leading mycologists preferred to use the 
very appropriate name Catastoma (basal mouth). Now, however, 
mycologists have begun to recognize Dij^ciseda as the valid generic 
name on grounds of priority, even though Lloyd (1904) protested 
strongly against this tendency. 

The genus is considered by several workers as curious and 
unique among the Gasteromycetes in having a basal mouth. 
Lloyd (1918), however, writes of Catastoma ater that “it is not 
a true Catastoma, ... in the ‘type idea' with ‘mouth down,’ but 
there are several species of Catastoma that will not stand that 
test.” Recently Cunningham (1946) also states that that is not 
a universal feature and that in Disciseda cervina, D, australis, D. 
anomala, D. verrucosa, and probably others, the stoma develops 
aplcally in the usual manner, Lohwag (1930) finds it difficult 
to explain the basal mouth morphologically. The explanation 
offered by him is that the endoperidium at the base is tom from the 
“Myzelium” whereby a hole or at least a weak spot originate 
which later wears into an aperture. 

As most of the species grow whpll^ or partially buried under 
the surface of the ground, nothing is known about the early d^- 
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velopmental history of the fungus. The description of the various 
species is based only on the gross morphological features of the 
mature fructification. The different statements concerning the 
development of the mouth at the apex in several of the species are 
merely based on guess-work. The only reference to even the 
structure of the exoperidium and gleba of any species is a brief 
statement by Coker and Couch (1928) in connection with the 
description of D. Candida. 

The only representative of the genus in the West Pan jab is 
D. cen'ina (Berk.) Hollos, which is very common in the open 
sandy wastes. As this species was among those in which Cun¬ 
ningham has reported an apical mouth, a close observation of the 
fungus was undertaken and an effort was made to procure \oung 
sporophores at all stages of development. Fortunately several 
young plants were collected in the summer of 1948, growing in a 
locality from which hundreds of mature specimens had been ob¬ 
tained in the past. 

Several of these plants w^ere fixed immediately in formalin- 
acetic-alcohol, the only fixative available at the time. The sec¬ 
tions were cut 5-10 ft thick and stained wn'th iron hematoxylin and 
phloxine. 


OBSERVATIONS 

The young sporophores are always obovate or turbinate with 
the apical part more or less exposed. They are attached by a well 
developed mycelial cord at the base The only species in the 
vicinity with the sporophores of which these could be confused are 
Lycoperdon pusillum and Lanopila zvahlbet gii. The former is 
always epigeal and the latter, though hypogeal, has a slightly 
different color and avoids loose sandy soil. With a little experi¬ 
ence in the field one can easily recognize the young sporophores 
of D. cervina by their form, color and peculiar behavior during 
later stages of gitmUh. 

The first thing in die spor^^dinres wh^ attrticts atten¬ 

tion is the flocco«e;mytthtuu.atisit^ f*^ the exceed top portion. 
These sporq^ihpres- to develop sii» disappeared 

Irotn sq^t darii% die n%^t.. It wss vecy difilcuit to guess what 
had happened It was first thou|d)t«that they had proba- 
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bly been eaten up by some rodent, but there were no fragments 
lying nearby to confirm this conjecture. After experiencing the 
same difficulty for two or three days successively a few plants 
were covered with small earthen cups but the result was still the 
same. Very much puzzled at this, the soil under the cups was 
carefully dug out and then it was discovered that the plants had 
buried themselves under the soil in all cases. A more careful ob¬ 
servation revealed that the hyphae of the floccose mycelium at the 
top ramify and enclose numerous grains of sand and disaj)pear 
from sight. Among two or three dozen plants unearthed at dif¬ 
ferent intervals of time, it was found that the formation of the 
hyphal covering enclosing sand particles progresses from the apex 
downwards till the whole plant is covered with a sandy case. The 
sandy case is more or less uniform in thickness and so the plants 
retain their original form. 

The sandy case was never seen to split in a circumscissile man¬ 
ner described and figured by Morgan. On the other hand, it 
always crumbles from the base upwards after the plants have been 
unearthed by wind. When most of the loose basal part is lost 
the heavy top assumes a basal position. Iti the plants unearthed 
after about ten days the basal mycelial cord was still intact. In 
some, however, it appeared to have gelatinized at the base, as it 
was easily pulled out, leaving a pore—the mouth or stoma—at the 
base. 

Mycelial cord. The mycelial cord consists of a central medulla, 
a middle sub-cortical region, and an outer cortex. The medulla 
consists of thick, wide-lumened hyphae intermixed with numerous 
thin-walled hyphae. The sub-cortical zone is formed of very com¬ 
pact and closely interwoven hyphae. The outermost hyphae of 
the cortex branch and enclose numerous particles of sand. 

.Development. The young sporophores develop at the apex of a 
mycelial cord. Sometimes two growing close together become 
fused with one another. At a very early stage of development 
each consists of loosely interwoven hyphae continuous with those 
of the parent strand. The thick, wide-lumened hyphae of the 
medulla and the hyphae of the cortex do not take part in the forma¬ 
tion of the young sporophore. In the center of the homogeneous 
tissue are later differentiated small cavities which gradually pro- 
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gress towards the periphery. The development corresponds in 
all essential respects to the lacunar type as described by various 
investigators for other members of the family Lycoperdaceae. 

Exoperidium, The hyphae forming the primordial tissue radi¬ 
ate towards the periphery: they are parallel and wide-lumened. 
These hyphae become closely septate and the cells become swollen 
and compacted to form pseudoparenchymatous tissue. In a fully 
formed plant this layer is 400-500 /a thick and consi.sts of several 
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layers of thin-walled cells. This layer though continuous around 
the upper part of the fruitbody is poorly developed at the top. At 
the base, however, it is interrupted by the mycelial cord. 

After the pseudoparenchymatous layer has been organized, a 
second or mycelial layer begins to form. This is, however, com¬ 
pleted after the differentiation of the endoperidium has taken place. 
The mycelial layer is composed of long, intertwined, partially 
gelatinized hyphae which arise from the exposed top portion of 
the sporophore. The hyphae ramify in the surrounding soil and 
enclose numerous sand particles to form a small cap at the apex 
(fig. 1, a-e). In the course of time the mycelial layer progresses 
downwards, ultimately forming a complete sandy case around the 
sporophore (fig. 2, a). It is only incomplete at the base from 
where the mycelial cord comes out (fig. 1, /). 

The pseudoparenchymatous layer is very poorly developed at 
the top and several hyphae of the endoperidium are also seen 
passing through it into the mycelial layer. On the sides below 
the apical disc there is absolutely no connection between the 
mycelial layer and the hyphae of the endoperidium. This inter¬ 
mixing of the hyphae of the mycelial layer and the endoperidium 
at the top accounts for the persistence of the apical collar or disc. 

The cells of the pesudoparenchymatous layer collapse at ma¬ 
turity and form a thin membrane on the inner surface of the sandy 
case. The disorganization of this layer at maturity loosens the 
sandy case all round excepting at the apex, as explained above. 
When the plants are exposed by wind they lie scattered on the 
surface of the ground with the sandy case still intact. The loose 
basal part gradually crumbles by the attrition of sand particles 
until only the apical disc is left (fig 2, b-i). 

The top-heavy plant now easily gets overturned and the collar 
or the disc appears to be basal. The appearance of the *'exoperi- 
diuni' as collar or disc depends on the size of the case crumbled 
at the time of collection. In very old, weathered plants there is 
only a small disc left at the base, indicating the region where the 
union was strongest (fig. 2, 

Gleba. The hymenial cavities originate and increase in num¬ 
ber exactly as in other members of the family. The ground tissue 
grows by the expansion of its elements and the formation of new 
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tramal plates. Most often stout hyphae pass from one side of the 
hynienium to the other across the hymenial cavity. As pointed 
out by Swartz (1933) these hyphae clearly suggest that the forma¬ 
tion of cavities results entirely from disintegration of the primordial 
hyphae. 



Fig. 3. Disciseda cennna. 


The hasidia, arranged in compact hymenia, are short and pyri¬ 
form, bearing four spores apically on long sterigmata. The thick¬ 
ening on the spores develops after they have been detached from 
the sterigmata. After the spores are formed, a rapid disintegra¬ 
tion of all the remaining glebal hyphae and basidia takes place, 
leaving nothing excepting spores and capillitium. The capillitial 
threads arise from the tramal hyphae and not in the manner de- 
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scribed by Cunningham (1926) for Lycoperdon depressmn. At 
maturity the capillitium breaks up into short segments. 

Endoperidium. When the development of the mycelial layer 
has not yet progressed even half way down, the endoperidium be¬ 
comes differentiated (fig. 3, a). It is formed immediately below 
the pseudoparenchymatous layer of the exoperidium. In earlier 
stages this region appears as an undifferentiated outer part of the 
gleba bordering the hymenial cavities. Later there are differ¬ 
entiated in this region numerous stout interwoven hyphae which 
become arranged tangentially and form the fundament of the 
endoperidium. At this time it is about 150/i thick and the glebal 
tissue has not yet disintegrated. 

The endoperidium is interrupted at the base by the mycelial cord, 
which occupies an area of about 1.16 mm. in size. When the basal 
part of the mycelial cord penetrating the exoperidium and the 
endoperidium gelatinizes, an opening is left at the base which 
serves as. a mouth or stoma. 

DISCUSSION 

The genus Disciseda is included in the family Lycoperdaceae. 
According to Cunningham (1946, p. 28) it is “the most primitive 
genus, as is shown by its external sand-case exoperidium and 
somewhat hypogean habit.” This statement is evidently not based 
on any ontogenetic investigation of the young stages. There is 
no doubt that in the lower members oi the group we come across 
a peridium which is always a simple undifferentiated layer of the 
ground tissue, but in Disciseda the peridium consists of two dis¬ 
tinct layers—an exo|3eridium and an endoperidium. The exo¬ 
peridium is further differentiated into an inner pseudoparenchy¬ 
matous and an outer mycelial layer. 

According to Lohwag (1928) the number of peridial layers is 
not an absolute criterion of higher organization but depends on 
the form of the fruitbody. Still, if the peridium must be taken as 
of some systematic value, it will be seen that Disciseda is more 
highly organized than all the other members of the family 
Lycoperdaceae. The differentiation of the peridium into several 
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layers takes place according to varied and important ecological 
functions. 

It may also be true, as pointed out by Gaumann and Dodge 
(1928), that the primitive Gasteromycetes are mostly hypogeous 
but with a strong tendency to elevate the gleba above the earth 
to secure the dissemination of their spores by wind or insects. In 
assigning Disciscda a primitive position on this ground, Cunning¬ 
ham has overlooked the most fundamental fact that the subter¬ 
ranean habit has developed independently among several different 
groups of fungi which are the most highly organized. 

In the Gasteromycetes a pulverulent gleba, well developed cap- 
illitium, and a mouth for the dissemination of spores by wind are 
characters closely associated with an epigeous mode of life. It is, 
therefore, safe to assume that Disciscda has evolved from some 
epigeous ancestors and that the subterranean habit is of ecological 
rather than of phylogenetic interest. It appears to me that the 
hypogean habit, in plants growing in hot sandy areas, has de¬ 
veloped in response to the extremely xerophytic conditions of lif^. 
As the loose sandy soil has little power to retain w^ater and the 
superficial layers of soil soon become dry even after a heavy 
.shower, the plants have secondarily retired under soil. Under 
these conditions, we see that the most successful forms are those 
which originate the deepest of all and these are Montagnites 
arcnarius, Tulostoma volvtdatmn, Schizostoma wi4ndktm, S. 
laceraturn, Podaxis pistillaris and Phellorina inquinans. 

If we imagine a large number of species growing on the edge 
of a drifting sand dune and during the course of ages regularly 
buried under sand, it would become clearer how they acquire their 
present-day mode of life. At first the layers of sand were proba¬ 
bly not thick enough or were washed away and the dispersal of 
spores was effected in a normal fashion. When the layers of sand 
became sufficiently thick only such plants escaped elimination as 
could produce some mechanism to elevate their sporocarp for the 
dissemination of spores by wind. Some plants, like species of 
Gcaster, developed a highly specialized peridium, while others 
developed a very long woody stipe for this function. The former 
set of species was confined to the superficial layers of soil while 
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the latter was adapted to very deep layers. The woody stipe 
is an absolute necessity for the breaking of the thick layers of soil 
above the sporophore. It is interesting to find that under similar 
environmental conditions even a Coprinus-Vikt Montagnites de¬ 
veloped a long woody stipe similar to other Gasteromycetes living 
in the same habitat. 

The same thing has been observed by the late Dr. W. H. Long 
(1942) in his study of the different species of Gcaster. He writes 
as follows: “All s])ecies of Coaster in my territory are hypogeous 
when young and remain so until expansion. I have never seen a 
truly epigeous Gcaster in the dry southwestern regions. The 
reason for this is evident, in that our climate below 8000 ft. ele¬ 
vation is too dry for species of Geaster to grow on the top of the 
ground as some species do in the humid regions of the north and 
east. This need of moisture also explains their presence under 
trees and shrubs where the moisture is retained until these fungi 
mature.’' 

The hypogeous species originating in the superficial layers of 
sand stand at a distinct disadvantage as compared to those men¬ 
tioned above but Disciseda cervina has .specialized in a particular 
direction. The plant has developed an efficient mechanism for 
“burrowing” into the loose .sand and at the .same time forming a 
case of sand which serves it as a moist chamber. This minimizes 
the chances of sudden drought overtaking the developing sporo- 
phores. The mechanism is so efficient that of the two or three 
hundred individuals gathered at different times there was not even 
one in which the gleba had not reached proper maturity. 

Another specialization consists in making use of the .sandy case 
in the dissemination of the spores. The basal mouth which de¬ 
veloped as a necessity is definitely a di.sadvantage but the heavier 
apical disc shifts it to the top so that it can play its normal role in 
the life of the plant. This is the most curious phenomenon ob¬ 
served in this species, and is unparalleled in the whole group of 
fungi. 

In Lycoperdon piisillum, an epigeous species growing side by 
side with the Disciseda, one finds about fifty per cent of the plants 
with growth arrested at some stage before the proper ripening of 
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the gleba. The same thing has been observed in Lanot>ila wahl- 
bergii, which though hypogeal occurs in the superficial layers of 
the soil and without any specialization. It is doubtful if the 
latter species can be classed as among the true arenicolous species 
mentioned above, as it avoids the loose sandy soil and seeks the 
shelter of the shrubs. 

It has been customary to include all the Gasteromycetes with 
capillitium and pulverulent gleba in the family Lycoperdaceae. 
Different functions have been assigned to the capillitial threads by 
different workers. According to de Bary (1887) and others they 
help in the dispersal of spores but according to Swartz (1933) 
they are associated more with the disposal of waste products than 
with the dispersal of spores. Whatever their function may be in 
the earlier stages, one thing is certain and it is that at maturity they 
prevent the collapsing of the peridium when it is pressed by some 
external agency. They ensure thus the dis])ersal of spores at 
intervals in puffs or clouds. 

The form of the capillitium varies in the different genera of the 
family. In Lycoperdon and Calvatia the capillitium is well de¬ 
veloped and consists of long, branched, septate, and intertwined 
threads. In Bovista and Mycenastrum the capillitium consists 
of short separate threads. In Disciseda, Abstonia, and Lanopila 
the capillitium is of the Lycoperdon-typQ but at maturity it breaks 
up into short segments. The significance of the different forms of 
capillitial threads in one family is obscure, especially when they 
are supposed to undertake the same function. 

The genus most closely related to Disciseda is Abstoma. The 
genus Abstoma resembles Disciseda in every respect excepting the 
absence of a mouth. The reticulate spores do not serve as a dis¬ 
tinguishing feature, as Zeller (1948) has recently described a spe¬ 
cies with verrucose spores. Until the development of the genus 
is studied it would be difficult to state how the mouth has become 
eliminated. 

In the present state of our knowledge, and assuming that the 
hypogeal forms have gradually evolved from the epigeal forms under 
changed ecological conditions, the genus Disciseda would be re¬ 
garded as a very highly specialized member of the family 
Lycoperdaceae. 



Ahmad: Morphology of Disciseda cervina 


159 


SUMMARY 

1. Disciseda cervina is semi-hypogeal in the earlier stages but 
becomes completely hypogeal by developing a mycelial layer round 
it. 

2. The sporophore is attached by a well developed mycelial 
cord of complex structure. 

3. The development is of the lacunar type. 

4. The peridium consists of three layers: mycelial layer, pseudo- 
parenchymatous layer and the endoperidium. 

5. The mycelial layer forms around the entire fruit-body a 
sandy case which crumbles down when the plant is exposed by 
wind. The sandy case persists as an apical disc and hcl])s in 
inverting the plant. 

6. The mouth is formed at the base by the gelatinization of the 
basal part of the mycelial cord penetrating the exoperidium and the 
endoperidium. When the top-heavy plant becomes inverted the 
mouth assumes an apical position. 

7. 1"he structure of the gleba and the origin of the capillitium is 
of the same type as described for other members of the family. 

8. The hypogeous habit has been secondarily acquired under 
changed environmental conditions. 

9. The genus Disciseda is a highly specialized member of the 
family Lycoperdaceae. 

The writer is deeply indebted to l^r. Nazir Ahmad and Sher 
Ahmad Khan Lodhi for aid in the preparation of the manuscript 
and to Dr. Donald P. Rogers for reading the typescript. 

Botany Department, 

Government College, 

Lahore, Pakistan 
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EXPLANATION OF FIGURES 

Fic, 1. Young sporophores showing diflFcrent stages in the progression 
of the mycelial layer. In / only a small portion round the mycelial cord 
remains uncovered. X 2. 

Fir.. 2. a. Sporophore wholly covered with a sandy case. The basal 
mycelial cord was broken by careless handling, b-i. Mature plants show¬ 
ing gradual crumbling of the sandy case from the base upwards. The basal 
orifice is clearly seen in some. j-w. Several plants collected in February 
1949 showing the marked reduction in size of the apical disc due to weather¬ 
ing. X 2. 

Fio. 3. (I. Semi-diagrammatic section of young fructification showing 

the formation of the mycelial layer at the top. The endoperidium is fully 
differentiated at this stage. The two peridium layers are interrupted at the 
base by the mycelial cord. 6. Diagrammatic section of a mature fructifica¬ 
tion. M.L. Mycelial layer; Ps. Pseudoparenchymatous layer; End. Endo¬ 
peridium; Gl. Gleba; M.C. Mycelial cord. 



PRODUCTION OF HYDROCYANIC ACID BY 
CULTURES OF A BASIDIOMYCETE' 

William J. Robbins, Anita Roi-nick, and Frederick Kavanagh 
(with 3 fkhtres) 

Ill the course of investigations on the production of antibac¬ 
terial sulistances by Basidioniycetes, an unidentified fungus (B841) 
from white cedar - was grown on a liquid medium in 2800 ml. 
Fernhach flasks in a large cabinet maintained at 25° C. It was 
observed that Pcnicillinm juniculosnm grew unsatisfactorily in this 
cabinet on agar slopes in test tubes (fig. 1). Investigation dem¬ 
onstrated that the poor growth of the Penicillium was caused by a 
volatile toxic substance produced by the B841 fungus. The toxic 
substance, is believed to be IICN. 

Although HCN was first reported in Marasmius arcades by v. 
Losecke in 1871 (5) and has since been demonstrated in the 
sporophores of a numlier of Basidioniycetes (1, 2, 3, 4, 6), the pro¬ 
duction by fungous mycelium in culture of sufficient amounts to 
interfere with the growth of neighboring cultures of other organ¬ 
isms has not been reported. 

The cabinet—7 feet high, 6 feet wide and 2 feet deep—contained 
7 .shelves with 48 Fernhach flasks each inoculated with fungus 
B841 and distributed as follows: 16 on the first shelf, 6 on the sec¬ 
ond, 3 on the third, and 23 on the fourth. I'.ach Fernhach con¬ 
tained 1 liter of a corn steep medium (7). The dry weight of the 
mycelium of fungus B841 in a Fernhach flask was approximately 
3.5 g. and the surface area about 255 s(|. cm. The cultures of the 
Penicillium were incubated on the fourth shelf. The doors of the 
cabinet were not hermetically scaled and were, as a rule, opened 
once or twice each day of the week except Saturday and Sunday. 
Under these circumstances, the accumulation of sufficient HCN 

1 This investigation was supported in part by the Howard Bayne Re¬ 
search Fund of The New York Botanical Garden. 

^We are indebted to Dr. Dow V. Baxter for the culture of this fungus. 
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or other volatile toxic material to become inhibitory was unantici¬ 
pated. 

The inhibitory action of fungus B841 was confirmed by cover¬ 
ing one of the cultures in a Fernbach flask with a bell jar. Agar 
slants inoculated with Pcnicillium juniculosum were incubated un¬ 
der the bell jar and duplicate cultures were incubated outside. The 



Fk;. 1. Pciiicilliitm junicolosiwi grown 11 days on NaNOa agar. From 
left to riglit grown at 20° C. with no cultures of fungus R841 : at 25° C. 
with cultures of fungus R841 in the cabinet; at 25° C. with no cultures of 
fungus R841. 


media used were 2 jier cent malt agar, thiamine-pe])tone agar and 
an agar with NaNO;. furnishing the nitrogen.^ At intervals the 
bell jar was lifted and aerated to avoid anaerobic conditions. The 
cultures of fungus B841 were approximately 3 months old but the 
culture liquid had been decanted and replaced with fresh sterile 
medium at intervals of about 4 weeks. The fungus mat was heavy, 
white and vigorous; no fruiting bodies were present. The growth 

® The thiamine-peptone medium contained per liter of distilled water 0.5 g. 
MgS04*7Ha0, 1.5 g. KH 3 PO 4 , 2 g. neopeptone, 0.5 ml. mineral supplements 
used in this laboratory, 50 g. dextrose and 1500 mM moles thiamine. 

* In making the NaNOa medium the peptone was replaced with an e(jual 
weight of NaNOs. The pH of the agars was as follows: malt agar pH 4.9, 
thiamine-peptone agar pH 5.5, NaNOs agar pH 5.3. 
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of Fenicillium fimiculosum was substantially reduced in the cul¬ 
tures under the bell jar; the effect was most marked on the NaNO;, 
medium (fig. 2). 

A series of microorganisms was tested in the same way. It 
included Fenicillium notatum, Ccratostouiclla ulnil, Mcrulius 
lachrymans, Foria incrassata, Fhycomyccs blakcsleeanus, Agari- 
ciis campesiris, Aspergillus niger, Rhhopus nigricans, Trametcs 
pini, Rhodotorula aurantiaca, Saccharomyces ccrcviscac, Folyporus 
schweinitzii and Ncurospora sitophila. 



Fk;. 2. Pcnicillium jinihulosuiu grown at room temperature on various 
media under bell jar in presence oi Fernbach llask containing fungus B841 
and outside the bell jar. From left to right 11 days on malt agar outside 
bell jar; under bell jar; 14 days on NaNOn agar outside bell jar; under 
bell jar; 11 days on jieptone agar outside bell jar; imder bell jar. 

All of the fungi tested showed some inhibition under the bell jar 
but the responses varied with the fungus and with the medium. 
Generally speaking, the inhibition was greater for growth on the 
NaN().j medium than for that on the malt or peptone media. Some 
of the organisms tpsed grew very poorly on tin. MaNO.j medium be¬ 
cause of vitamin deficiencies or an unfavorable nitrogen source. 

Aspergillus niger, Foria incrassata, Fenicillium notatum, Poly- 
poms sclnveinitzii, Ncurospora sitophila and Saccharomyces cere- 
viseae were affected least. At the end of 2 weeks there was little 
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difference in the appearance of the cultures inside and outside the 
bell jar. 

The mycelial growth of Phycomyces hlakeslceantts and Rhizopus 
nigricans was substantial under the bell jars but the production of. 
sporangiophores was materially reduced. On the malt and pep¬ 
tone agars Phycomyces formed sporangiophores in the cultures 
under the bell jar which failed to mature and both sporangiophores 



Fk;. 3. Various fungi grown on thiamine-peptone agar at room tem¬ 
perature under bell jar in presence of Fcrnl^ach flask containing fungus 
R841 and outside the bell jar. From left to right McriiHiis lachrymans 
26 days old under bell jar; outside hell jar; Khizopus mgricans 20 days old 
under bell jar; outside bell jar; Aspergillus niger 20 days old under bell 
jar; outside bell jar. 

and mycelium were a deep yellow. Rhizopus developed few spo 
rangiophores under the bell jar. 

The growth of Ceratostomella ulmi, Penicillimn juniculosum, 
Meri4lius lachrymans, Agaricus campestris, Trametes pini, and 
Rhodotoriila aurantiaca was markedly reduced. Typical responses 
are shown in figure 3. 

Yellow pigment appeared in the agar of cultures of Penicillium 
notatum and Merulius lachrymans incubated outside the bell jars; 
pigment production was inhibited in cultures under the bell jar. 
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Tubes of sterile agar were incubated under a bell jar with a 
culture of fungus B841 for three days. The tubes were removed, 
inoculated with Pcnicillinm jitniculosum, and incubated in a cabinet 
containing no cultures of fungus B841. Comparable tubes which 
had stood outside the bell jar were inoculated and incubated at the 
same time. Growth was less in the tubes which had been under 
the bell jars for 3 days before inoculation. The effect was most 
marked for the NaNO;. agar and least for the malt agar. This 
demonstrated that a volatile toxic sul)stance ])roduced by fungus 
B841 was absor])ed by an agar medium incul)ated in the presence of 
a culture of the fungus under a bell jar. 

The jiroduction of hydrocyanic acid by cultures of B841 was 
demonstrated by the Guignard test and by the Prussian blue 
method. Stri])s of fdter paper im])regnated with sodium picrate 
suspended in tlie air above the culture liquid of fungus B841 gave 
the characteristic color reaction for HCN. The contents of an 
open dish originally containing ])otassium hydroxide left in the 
incubator for several days gave a strong test for cyanide by the 
I Prussian blue method. The odor of IfCN was detected in the cab¬ 
inet in which fungus Jh841 was incubated and in the hell jar 
which covered a culture of the fungus. 

We were not successful in demonstrating the ])roduction of HCN 
by actively growing mycelium of fungus JhS41. It seems probable 
that the HCN originated from atilolysis. Jhich (1) found HCN 
in fruit bodies of Pholiota aitrca (Matt.) and Clitocybe ejeotropa 
(Bull.) 48 hours after picking but none when they were fresh. 
The formation of the HC'N appeared to be enzymatic and perhaps 
the result of the oxidative decom])osition of amino acids. 
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THE PHYSIOLOGY OF A BLUE STAIN 
MOLD WITH SPECIAL REFERENCE 
TO PRODUCTION OF ETHYL 
ACETATE' 

MoktttS A. (ioRDON - 
(with 9 figures) 

In the course of a survey of fungi causing blue stain of limber 
in Duke Forest, in the Spring of 1947, there was isolated from a 
hlue-str*' led recently-cut stump of short-leaf pine (Pinits cchinata 
Mill.) an ascomycote which produced, in culture, a strong ester 
odor, commonly described as ])anana oil odor, suggestive of the 
lower organic acetates. The jiresent account is concerned with the 
identity of this fungus and isolation and identification of the odor¬ 
iferous substance, with an attempt to discover the chemical mecha¬ 
nism of its formation. 

Few accounts of ester production by fungi ajipear in the litera¬ 
ture. Birkinshaw, Charles, and Kaistrick (4) recovered ethyl ace¬ 
tate from cultures of Penidlliutn digitatuw Saccardo. Birkinshaw 
and Findlay (5) identified methyl cinnamate, methyl ]:)-methoxy- 
icinnaniate, and an ester of anisic acid in cultures of Lentinus lepideus 
/'I"r., and Birkinshaw, Bracken, and Findlay (3) isolated methyl 
(anisate from the metabolic products of Traiiictcs suavcolcns (Linn.) 
Fr. Nord and Vitucci (12, 13) found that L. Icpidcus produced 
methyl p-methoxycinnamate from various carbon sources, and at¬ 
tempted to elucidate the mechanism of its formation. 

Several species of Endoconidiophora have been mentioned in 
connection with the formation of esters or of ester odors. Lager- 
berg, I.undberg, and Melin (9) reported “amyl acetate” produc- 

1 Based on a thesis submitted to the graduate school of Duke University in 
partial fulfillment of the requirements for the degree of Doctoi of Philosophy. 

Appreciation is hereby expressed by the author to Professor F. A. Wolf 
for his advice and encouragement during the course of the work and to 
Professor L. E. Anderson for aid in the illustrative photography. 

-Present address: U.S.P.H.S., Chamblee, Ga. 
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lion on various carbon sources by Endocomdiophora coerulcsccus 
Munch. According to Lagerberg (8) this was not established 
chemically, but only by odor. Morgan (11) found by chemical 
analysis that the odor produced by E. cocriilesccns Miinch is 
caused largely by the presence of methylheptenone, although some 
iso-butyl acetate also was isolated. Davidson (6), in describing 
E, moniliforwis, attributed to it an odor of banana oil and com¬ 
mented that “the production of a di.stinct odor seems to be a char¬ 
acter common to all of the species ... |of EndoconidiophoraY', 
Davidson (7) states that E. virescens Davidson is characterized 
by a “musty ])cnetrating odor” and E. variospora Davidson by an 
“odor similar to banana oil”. 

MATERIALS AND METHODS 

Isolation of the ascomycete from the stained wood was accom¬ 
plished by implantation of perithccia-bearing splinters on 2.5 ]jer 
cent Difeo malt extract agar plates and transfer of ascospore masses 
from the resulting crop of perithecia to new plates. Stock cultures 
bearing always both perithecia and conidia were maintained on 
slants of the same medium in pyrex test tubes incubated at 20'^ C., 
and transfers made at 4—5 day intervals by mass inoculation of 
either ascosjjores or perithecia. By this procedure large concen¬ 
trations of perithecia were produced with a minimum of accompany¬ 
ing mycelium and conidia. For the inoculation of liquid media, 
slants were flooded with 7-8 ml. of sterile distilled water and the 
resulting suspension of ascospores and conidia pipetted into the 
media in the indicated amounts. All cultures were incubated 
aerobically at 20® C. (=t 1°) in the dark, except as otherwise 
noted. 

Media were sterilized at 15 lbs. for 15-20 minutes, except in the 
case of urea and certain other indicated heat-labile components 
which were filtered through a Seitz filter and added aseptically. 
Thiamin was autoclaved separately. 

In growth measurements, where “no growth” is noted, more or 
less extensive germination has occurred in each case. “Inhibition” 
indicates lack of germination. 

Dry weights were determined by filtration of liquid cultures (25 
ml. of medium) through tared oven-dried Whatman No. .1 filter 
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paper in Gooch crucibles and drying of the fungus mats for 48 
hours in a hot-air oven maintained at 100-105° C. 

Ester titrations were done according to A.O.A.C. (1) procedure, 
on cultures grown in 250 ml. Erlenmeyer flasks containing 100 ml. 
of medium. In each case the mat was broken up with dissecting 
needles and the entire contents of the flask distilled. 

Hydrogen ion concentrations were measured with a Heckman pH 
meter, necessary adjustments of the media being made with NaOH 
and H 2 SO 4 . 

All chemicals were of C.P. or reagent grade unless otherwise 
specified. 

Glassware was cleaned by treatment with dichromate-sulfuric 
acid solution and rinsed with tap and distilled water. 

Further details of method for separate phases of the work will 
appear in the appropriate ensuing sections. 

expkrimp:ntal results 

Identity of the wood-staining organism: The mold concerned 
l)roduces the typical long-beaked carbonaceous perithecia (fig. 1 ) 
characteristic of the family Ceratostomataceae. In figure 2 are 
illustrated the abundant perithecia obtained when this mold was 
cultured on malt agar. In such cultures the white mycelium be¬ 
comes darker with age, turning tan and finally dark brown. As is 
shown in figures 3 and 4, the bulbous base of the perithecium is 
formed first and, as this matures, the elongate beak grows out 
therefrom. The lieak may be oriented perpendicularly but more 
often lies at various angles to the substrate, frequently parallel to 
it. The perithecial base is studded with dark brown to black spines 
(fig. 5). Ascus walls are either evanescent or entirely absent, 
for the ascospores exude single-file through the beak (fig. 6 ), 
pushing aside the fimbriate apical fringe and remaining aggluti¬ 
nated. in either air or an aqueous mounting medium, by virtue of 
their gelatinous capsules. The spores are ovoid in shape but when 
unstained have a derby-hat appearance on account of the peculiar 
capsule. The delimitation of this outer coat is apparent in figure 7, 
showing spores which have been differentially stained with cotton 
blue. 
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The imperfect stage of this mold is distinctive in that conidia are 
formed endogenously and extruded vseriatim from the conidiophore 
in long moniliform chains (fig. 8). The appearance of the conidial 
stage, combined with the characteristics enumerated above, defines 
this organism as Endoconidiophora moniliformis (Hedge.) David¬ 
son. 

For purposes of complirison, a subculture of the organism stud¬ 
ied by Davidson and used by him in describing E. moniliformis was 
obtained from Baarn, Holland. This culture was devoid of peri- 
ihecia, but the two cultures were identical with respect to mycelial 
growth, type of conidiophore, and size and shape of endoconidia. 
Although two kinds of endoconidiophores had been described for 
E. moniliformis, only one, the long attenuated variety, appeared 
in subcultures of the Baarn specimen and iti this respect it agreed 
entirely with the new^ isolate. When grown on 2.5 per cent Difeo 
malt extract agar, each yielded narrow, hyaline, cylindric conidia 
which subsequently enlarged, many becoming barrel-shaped and 
eventually yeast-shaped. Finally, each culture produced a “banana- 
oil” odor indistinguishable from that of the other. 

Basic conditions for growth of E, moniliformis and production of 
the ester odor: E. moniliformis made good growth, including pro¬ 
duction of both conidial and perithecial stages, on malt agar, Sa- 
bouraud’s agar, nutrient agar, carrot-sucrose agar and potato-dex- 
trose agar, when incubated at room temperature (20-25'^ C.) with 
no attempt at control of illumination. There was little mycelial 
growth on corn meal Jigar, but a few ])erithecia were produced. 
The characteristic odor was produced on all of these media. 

The following chemically defined medium, essentially that em¬ 
ployed by Robbins and Ma (14) in their study of the vitamin re¬ 
quirements of certain species of Ceratostomella, was, when sup- 
]died with 0.4 micromole of thiamin (GBI thiamin hydrochloride) 
per liter, found to compare very favorably with malt extract media 
in ability to promote growth, production of perithecia, and forma¬ 
tion of the characteristic odor by E, moniliformis: dextrose 50 g., 
KH 2 PO 4 1.5 g., MgS 04 - 7 H./) 0.5 g., asparagin 2.0 g., HgO q.s. 
1000 ml., plus the following trace elements in parts per million: 
0.005 B, 0.02 Cu, 0.1 Fe, 0.01 Mn, 0.01 Mo, and OW Zn. This 
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solution, thiamin included, will be referred to hereinafter as the 
“basal medium.” 

It was found in preliminary experiments that this mold is not 
deficient for either biotin or pyridoxine. 

The optimum temperature for diameter growth of the present 
isolate of E. moniliformis on both malt agar and the basal me¬ 
dium solidified with agar is approximately 25° C. At this tem¬ 
perature, the average colony diameter on the former medium was 
77 mm. and on the latter 85 mm., after 4 days. Amount of odor 
production appeared to be correlated with diameter growth at each 
temperature. At 20° C. growth was only slightly less than the 
optimum and, since a constant-temperature room at 20° was avail¬ 
able, all sul)se(|uent cultures were incubated at this temperature. 

E. moniliforuiis grows well over a wide range of hydrogen-ion 
concentrations, producing the ester odor at concentrations be¬ 
tween ])H 4.22 and pH 6.66 on various .synthetic media. All 
media herein employed were adjiLsted to pH 4.5-5.0, except as 
otherwise ’ indicated, this being about the range of pH for dif¬ 
ferent batches of the unadjusted basal medium. 

Relation of ester production to grozvtli zinth respect to time: 
In order to follow quantitatively the course of ester production and 
to fix the time of its maximum occurrence in these media, a num¬ 
ber of flasks of both malt extract solution (2.5 per cent) and the 
basal medium, in 1(X) ml. quantities, were prepared and each inocu¬ 
lated with 0.5 ml. of .s])ore suspension. At frequent intervals, 
usually of 2-4 days, one fla.sk of each medium was harvested and 
titrated for total esters (expres.sed as ethyl acetate; 1 ml. of 0.1 N 
alkali = 0.0088 g. ethyl acetate). Parallel with this, a time-growth 
series was run on both media, in which dry weight of mycelium 
and pH of filtrate were determined for .serial .samples. 

Results are represented by a graph in figure 9, where values for 
pH and dry weight rep»'e.sent the average for triplicate samples 
inoculated with 0.1 ml. of spore suspension and grown on 25 ml. 
of medium in 125 ml. flasks. It is seen that luaximum ester pro¬ 
duction on the basal medium occurs at about 12 days and is closely 
correlated with maximum dry weight. This suggests that after 
the original carbon source is exhausted the fungus utilizes the 
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ester which it has produced. There appears to be no such simple 
relationship on the more complex malt medium. 

Nitrogen requirements of E. moniliformis until respect to 
grozoth and ester production: A series of experiments designed to 
elicit some clue as to the mechanism of formation of the ester was 
undertaken. Lampitt (10) showed that microorganisms {Sac- 

TABLK 1 

Comparative Growth, Quality of Ester Odor and Quantity of 

Titratable Esters Produced by E. moniliformis When Supplied 
WITH Various Nitrogen Sources in a Basal Medium Containing 
5.0 Per Cent Dextrose as a Carbon Source 


Nitrogen compound in 

K./l. 

'* Comparative 
growtii 

" Quality of 
ester t)dor 

Mg. ester per 
.SO ml. of 
medium 

Control—no added nitrogen 

No growth 



Inorganic: 





KNO 3 

3.00 

*4“ “h 

None 


KN02‘= 

2.55 

Inhibition 

— 


NH 4 NO 3 

1.20 

-f- -f- 

Very weak 


(NH4)2S04 

1.98 

“I" + 

Fair 


(NH,)jC80, + H..0 

1.86 

4- 4" “1“ 

Good 


(NH4).Mo70j4 + 4 H 2 O 

1.85 

Inhibition 

— 


NH 2 OH HCI 

2.08 

Inhibition 

— 


Amides; 





Asparagin 

1.98 


Good 

62.8-18 days 

Urea * 

0.90 


Good 

89.3-12 days 

Amino acids: 





Glutamic acid, Merck 

4.41 

+ + + 

Good 


Aminoacetic acid, 





Merck 

2.25 

+ + + -f 

Fair 


B-Alanine, Merck 

2.67 

“h 

None 


dl-Alanine, Eastman 

2.67 


Good 


1 (-) Leucine, Eastman 
1-Cystine, Eastman 
1-Tyrosine ** 

3.93 

+ 

-f-f + H- 

Good 

None 

Fair 

56.3-18 days 

Bactopeptone 

2.60 

T-|--h + 

Good 


Malt extract 

2.70 

1 


Fair 



” After 14 days; average of 2-3 flasks. 

* Each determination on one flask; expressed as ethyl acetate; No. of days 
as noted. 

These compounds sterilized separately by filtration. 

Dissolved to limit of solubility. 

charomyces cerevisiae) could deaminate asparagin with the forma¬ 
tion of ethyl alcohol. Since this transformation might be involved 
in the present chemical sequence, it was thought desirable to vary 
the nitrogen source in the basal medium in order to determine 
whether asparagin is essential to the manufacture of the ester. 
If asparagin could be eliminated in favor of a simpler nitrogen 



Gordon : Physiology of a Blue Stain Mold 175 


compound, then glucose could be regarded as the only initial ma¬ 
terial from which the ester was derived. 

Seventeen compounds, containing nitrogen in various valence 
forms, were substituted individually in equimolar nitrogen quan¬ 
tities for asparagin in the basal medium. Tn addition, a control set 
with asparagin and one with only atmospheric nitrogen available 
were employed. Each solution was prepared in triplicate 100 ml. 



Fig. 9. Growth and ester production by E. moniliformis on two media, with 
c<jrresiM)nding changes in pH of the solutions. 


(|uantities distributed to 250 ml. flasks and 0.5 ml. of spore suspen¬ 
sion was used as inoculum. Table 1 shows conqmrative growth, 
odor production and, in a few instances where the odor was con¬ 
sidered particularly promising, ester titrations for these media. 

The inorganic nitrogen compounds employed permitted little or 
no growth of E. monilifonnis under the conditions of this ex¬ 
periment, three of them, potassium nitrite, ammonium molybdate, 
and hydroxylamine hydrochloride, preventing germination when 
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added in the stated amounts. (In preliminary experiments, 
conidia and ascospores of this organism germinated readily in dis¬ 
tilled water.) Of the organic nitrogen sources tested, urea, 
peptone, malt extract, and several amino acids permitted mycelial 
production comparable to that obtained when asparagin was in- 

TABLK 2 

Comparative Growth, Quality of Ester Odor and Quantity of 
Titratable Esters Produced by E. moniliformis When Supplied 
WITH Various Carbon Sources in a Basal Medium Containing 
0.09 Per Cent Urea as a Nitrogen Source 


Carbon compound in g./I. 

" Comparative 
growth 

^ Quality of 
ester odor 

*• Mg. ester per 
50 ml. of 
medium 

Control—no added carbon 


No growth 

— 


Soluble starch 

45.0 


Good 


Cellobiose 

50.0 

++++ 

Fair 

16.2-13 days 

Dextrose (pH 4.39) 

50.0 

+ + + + 

Excellent 

88 . 6 - 11 days 

Mannose 

50.0 


Good 

74.6-9 days 

Galactose 

50.0 


Doubtful 

15.0-13 days 

Arabinose 

50.0 

+ 4-4* + 

None 

Xylose 

Glycerol 

50.0 

25.0 

44 + 

4 

None 

None 

, 

Calcium lactate 

50.0 

No growth 

— 


Pyruvic acid (pH 5.38) 

4.0 

44 

None 


Pyruvic acid* '^ 

1.0 

+ 4 

None 


Acetaldehyde'’-* (pH 5.18) 

5.0 

Inhibition 

— 


Acetaldehyde'’- 

1.0 

No growth 

— 


Ethyl Alcohol * 

10.0 

+ + + + 

Good 

72.4-15 days 

Ethyl Alcohol 

5.0 

+ 4 + 4 

Fair 


Acetic acid ^ 

Ethyl alcohol 

10.0 

Inhibition 

— 


-h Acetic acid^ (1:1) 

10.0 

Inhibition 

— 


Ethyl alcohol * 





-h Acetic acid ^ ( 1 : 1 ) 

5.0 

44 + 

Good 


Ethyl acetate« 

2.0 

4 + 

None 



" Estimated after 14 days. 

* Each determination on one flask; expressed as ethyl acetate; No. of days as 
noted. 

® These compounds sterilized separately by filtration. 

^ Added as sodium pyruvate, prepared from Pyruvic Acid, Eastman. 

® Freshly distilled from Paraldehyde, Eastman. 

^ Added as sodium acetate. 


corporated as the nitrogen compound. Urea, furthermore, ap¬ 
peared to be at least the equal of asparagin in permitting produc¬ 
tion of the ester and had the additional advantage, for use in the 
further study of the phase-sequence concerned, that it is a rela¬ 
tively simple substance and one not likely to be involved directly 
in the synthesis. 
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Carbon requirements of E. moniliformis with respect to growth 
and ester production: With urea (0.9 g. per 1.) as the nitrogen 
source, various carbon compounds were substituted for glucose in 
the basal medium in an effort to clarify further the mechanism of 
ester formation. 100 ml. of media were distributed in triplicate 
to 250 ml. flasks and inoculated with 0.5 ml. of spore suspension. 
The results are presented in table 2. Values for growth and for 
quality of odor represent the average for at least 2 flasks. 

Soluble starch, the disaccharide cellobiose, and the hexoses, 
mannose and galactose, supported good growth of E. monili¬ 
formis, approximately equal to that on media containing dex¬ 
trose, but only with starch and mannose, of these compounds, 
was the ester odor considered good. The 2 pentoses, arabinose 
and xylose, yielded good to fair mycelial production, but no 
trace of the ester aroma. Of the 3-carbon compounds em¬ 
ployed which are commonly involved in anaerobic respiration 
and alcoholic fermentation, glycerol and pyruvic acid permitted 
little growth and no acetate odor, while no growth was observed 
with lactic acid as the carbon source. Acetaldehyde did not 
support growth when employed at a concentration of 0.1 per 
cent, and 0.5 per cent of this compound inhibited germination. 
Ethyl alcohol, however, served as a good carbon source for 
production of both mycelial mat and ester, although the yield 
of both was cither impaired or completely prevented by the ad¬ 
dition of acetic acid to the alcohol medium. Acetic acid itself, 
in a concentration of 1.0 per cent, inhibited germination of the 
spores. Ethyl acetate, 0.2 per cent, when used as a sole carbon 
source, permitted a small amount of mycelial growth. 

Isolation and identification of ethyl acetate: 1) From culture 
on malt extract: In an attempt to isolate and characterize the 
substances responsible for the banana oil odor, 102 one-liter 
flasks, each containing 350 ml. of 2 per cent malt extract solu¬ 
tion, were inoculated with 2.0 ml. of spore suspension per flask. 
The initial pH of this medium was 4.58. Several flasks were 
harvested each day from the fourth day following inoculation 
until the twelfth day. when the last batch was processed, each 
group of cultures being filtered through cheesecloth and the 
fungus mat and filter cloth stored in a refrigerator. The filtrate 
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was saturated with sodium chloride and extracted with 4 por¬ 
tions of ether. These were then combined, washed with a por¬ 
tion of 10 per cent NayCOs followed by several portions of dis¬ 
tilled water saturated with NaCl, and finally with 50 per cent 
CaCly solution, then dried over anhydrous MgS 04 . The col¬ 
lected mats and filter cloths were steam-distilled and 4 liters of 
distillate were subjected to ether extraction as above. The dried 
ether extractives were combined and most of the ether evapo¬ 
rated off through a long fractionating column. The residue 
was then distilled from a small flask and the following fractions 
obtained: 

1) 34-73° C.: ca. 4.0 ml. 

2) 73-82^ C.: ca. 0.5 ml; odor like ethyl acetate. 

3) 83-107° C.: ca. 0.5 ml.; odor like ethyl acetate. 

4) Residue: 0.5 ml. 

The first 3 fractions were recombined and fractionated 
through a semi-micro vigreux column, yielding the following 
new fractions. 

a) 36-60° C.: ca. 2.0 ml. 

b) 70-77° C. (Mainly 77°) :ca. 0.5 ml.; odor of ethyl acetate. 

c) Residue: less than 0.5 ml. 

Fraction b) (0.4086 g.) was hydrolyzed by boiling with an 
excess of N/1 alcoholic NaOH , for V/j hours under reflux. 
Excess NaOH was titrated with 0.25 N HCl to aqueous phenol- 
phthalein. Saponification equivalent = 96.92. The neutralized 
solution was distilled and the distillate gave a positive iodoform 
test at 60° C. (not in the cold). 

Thus the odorous substance is probably ethyl acetate. 

Residues 4) and c) were combined and subjected to the test 
for fusel oil as described by Basset (2). The result was negative. 
Preliminary control runs showed that this test is negative for 
methyl and ethyl alcohols in concentrations of 1 :100, and positive 
for n-propyl, iso-propyl, n-butyl, sec-butyl, tert-butyl, n-amyl, iso¬ 
amyl, and tert-amyl alcohols at the same concentration. N-aniyl 
acetate at a concentration of 1: 5000 gave a positive test. The 
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higher-boiling fractions therefore contained no significant quantity 
of acetates of the 3-to-5-carbon alcohols. 

2) From culture on the basal medium: A similar recovery pro¬ 
cedure was followed with 104 flasks, each containing 350 ml. of 
the basal medium. All flasks were harvested after 12 days and the 
mats, instead of being steam-distilled, were ground up and ex¬ 
tracted directly. After removal of the ether, a total of 3 ml. of dis¬ 
tillate was collected in the range 70-78° C. This distillate had 
cl well-defined ethyl acetate odor, but no further purification or 
characterization of the fraction was attempted. 

A more efficient method for recovering the ester was provided 
by the use of vacuum distillation. Materials for use in vacuum 
distillativiii were secured by the following procedure: Loosely 
wadded cotton balls, v3-4 cm. in diameter, were soaked in the basal 
medium and excess liquid was expressed by light pressure of the 
fingers. Seven one-liter flasks were half-filled with these cotton 
balls and autoclaved. For each flask, 2 malt agar slant cultures 
were flooded with sterile distilled water, the spore suspensions 
poured into 50 ml. of basal medium and the mixture distributed 
aseptically over the flask contents. Incubation was at room tem¬ 
perature (20-25° C.) for 7-10 days. One flask was inoculated 
jier day for 7 successive days and the cultures were harvested 
serially. As the contents of each flask matured (detected by 
odor), they were transferred to a vacuum oven connected in series 
with 2 dry ice-alcohol traps and a high-vacuum pump. Suction 
was applied continuously for 8 hours and the vacuum maintained 
overnight. Tn two in.stances during this run, several ml. of 
distillate reached the second trap, and in each case appeared there 
in 2 layers. The upper layer in each case was separated, the 2 
combined, washed with 50 per cent CaCl.^ and dried over anhydrous 
Na.^S 04 . The liquid was then poured off into a side-arm flask and 
distilled, practically the entire contents (1.5 ml.) coming over at 
71-81° C. (fraction la). 

The remainder of the vacuum distillate from the entire run was 
extracted with several portions of ether, the ether solution being 
then washed with 50 per cent CaCl.^ and dried over anhydrous 
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Na 2 S 04 . Following evaporation of most of the ether, the residue 
was distilled and the following fractions collected: 

lb) 33-^5° C.:ca. 2 ml. 

2b) 65-80° C. (mainly 77-80° C.) : ca. 2 ml. 

Fractions la) and 2b) were combined and refractionated through 
a semi-micro vigreux column, yielding the following new fractions: 

l c) 32-74° C: ca. 1.5 ml. 

2c) 74-77.5° C. (mainly 77.1°): ca. 2 ml.; odor of ethyl 
acetate. 

0.3658 g. of fraction 2c) was hydrolyzed by boiling with excess 
N/1 NaOH for 65 minutes under reflux. Excess NaOH was 
titrated with 0.1 N HCl to aqueous phenolphthalein. Saponifica¬ 
tion equivalent = 101.9. The neutralized solution was distilled 
and the distillate gave a positive iodoform test when warmed to 
60° C. F'urther determinations on fraction 2c) : micro boiling- 
point 77.0° C.; refractive index at 18.9° = 1.3722 (ethyl acetate 
= 1.37216. Handbook of Physics and Chemistry, 28th Edition). 

3) From culture on basal medium modified by replacement of 
carbon and nitrogen sources: In order to establish the identity of 
the ester produced in the dextrose-urea and alcohol-urea media, 
the following procedures were employed. Seven liters of the 
former medium were prepared and distributed in 350 ml. amounts 
to 20 one-liter flasks. Initial pH was 4.22. Each flask was inocu¬ 
lated with 2.0 ml. of spore suspension and incubated at 20° C. for 
13 days. The entire contents of the flasks were then blended in a 
Waring Blendor, and the resulting mixture distilled through an 
18-inch fractionating column. Two fractions were collected : 

1) 70-97° C.: 30 ml. consisting of 2 layers. 

2) 97-98.2° C.: 80 ml. consisting of 2 layers. 

The upper layers were drawn off and combined (total 6.5 ml.), 
shaken with an equal volume of 50 per cent CaClg solution, sepa¬ 
rated, and dried over anhydrous MgS 04 . The remainder of the 
collected distillate was then refractionated and 3 fractions obtained : 

la) 69-73° C.: upper layer of 6 ml., water insoluble; lower 
layer (aqueous), less than 0.5 ml. 
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2a) 76.5-78.5"^ C. (mainly 78°) : 4 ml. aqueous. 

3a) 80.0-99.0° C. (gradual rise) : 5 ml. aqueous. 

Fraction la) was shaken with an equal volume of 50 per cent 
CaClo solution, separated, and dried over anhydrous MgS 04 . It 
was then combined with the upper layers of fractions 1) and 2) 
and distilled from a small Spitz-ty])e fractionating apparatus, prac¬ 
tically the entire volume coming over in the range 70.0-79.8° C. 
This was collected in four parts: 

a) 70.0-74.9“ C.: 4 ml.; odor like ethyl acetate. 

h) 75.0-76.9° C.: 3 ml.: odor of ethyl acetate. 

c) 77.0-77.1“ C.: 1 ml.: odor of ethyl acetate. 

d) 77.5-79.8° C.: ca. 2 ml.; odor like ethyl acetate. 

0.2010 g. of fraction c) was hydrolyzed by boiling with an excess 
of N/1 alcoholic NaOH for 2 hours under reflux. Excess NaOK 
was titrated with 0.25 N HCl to aqueous phenolphthalein. Saponi¬ 
fication equivalent = 97.6. 

A portion of fraction b) was subjected to an elementary analysis 
by the .sodium fusion method (Shriner and Fuson, 15) and gave 
negative tests for nitrogen, sulfur and halogens. A second por¬ 
tion was treated with 3,5-dinitrobenzoyl chloride and sulfuric acid 
and the resulting 3,5-dinitrobenzoate recrystallized from ethanol. 
The crystals melted at 92.9° C. (ethyl e.ster of 3,5-dinitn)bcnzoic 
acid = 93.0" C.). A third portion was refluxed with hydrazine 
hydrate and the hydrazide recry.stallized from a water-ethanol 
mixture. The jHirified substance melted at 66.9“ C. (hydrazide of 
acetic acid = 67° C.). The production of ethyl acetate is thus 
confirmed. 

Fractions 2a) and 3a) were shown to contain ethyl alcohol by 
the following procedure. Two ml. of the lif[uid were treated with 
3,5-dinitrobenzoyl chloride and the re.sulting precipitate recrystal¬ 
lized from a water-ethanol mixture. Melting point = 93.0° C. 

Ten one-liter flasks, each containing 350 ml. of the alcohol-urea 
solution, were inoculated with 2.0 ml. of spore su.*^pension each, 
incubated at 20° C. and harvested after 15 days. Treatment was 
the same as that described for the dextrose-urea medium, result¬ 
ing in the recovery of 6 ml. of distillate in the range 70.0-80.0° C. 
S.E. on 75.0-77.1“ fraction = 95.0. Elementary analysis negative 
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for nitrogen, sulfur and halogens. Odor of ethyl acetate. M.P. 
of 3,5-dinitrobenzoate = 92.8° C. M.P. of hydrazide = 66.9° C. 
Ethyl acetate is therefore produced from ethyl alcohol as a carbon 
source, in the presence of urea as a nitrogen source. 

DISCUSSION 

On media in which ethyl acetate is formed, the amount produced 
apparently parallels the growth of the mycelium. This, together 
with the fact that E. moniliformis can utilize ethyl acetate as a 
sole carbon source, indicates that the ester is utilized only after 
more readily available nutrients are exhausted. Acetic acid is ap¬ 
parently toxic to the organism, even preventing germination when 
employed as the carbon source in a synthetic medium. Its esteri¬ 
fication by ethyl alcohol manifestly serves as a mechanism whereby 
the toxicity of the acid is removed. It would a])pear that the oxi¬ 
dation of ethyl alcohol to acetic acid and subsequent enzymatic 
coupling of these two compounds com])rise the final steps in the 
phase-sequence of ethyl acetate production. Since acetaldehyde 
in relatively low concentrations supports no growth and even in¬ 
hibits germination, its possible role here as an intermediary sub¬ 
stance in the manufacture of ethyl acetate must be considered 
doubtful. Lactic acid, pyruvic acid, and glycerol, substances which 
are involved in ordinary anaerobic fermentation, also permit little 
or no growth of E, moniliformis. Xylose and arabinose, although 
serving well as carbon sources for mycelial production, yielded no 
detectable odor of ethyl acetate, whence it may be assumed that 
little or none was produced. It is probable, therefore, that no sig¬ 
nificant amount of alcohol was generated from these sugars, al¬ 
though Fiisarium Uni Holley was shown by White and Willaman 
(16, 17) to produce ethyl alcohol from pentoses as well as from 
hexoses and apparently via similar pathways. 

SUMMARY 

1. A mold causing a blue stain of pine wood, identified as Endo- 
conidiophora moniliformis (Hedge.) Davidson, grows well in a 
solution of mineral salts, dextrose, and asparagin, when supplied 
with thiamin. It has a wide range of pH tolerance on this and 
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other media, and an optimum temperature for mycelial growth of 
approximately 25^ C. 

2. Considerable quantities of ethyl acetate as well as some ethyl 
alcohol are produced in the above solution, and the ester is formed 
also in malt extract solution, but no higher acetates were detected 
in cultures on either medium. 

3. The production of esters on the dextrose-asparagin medium is 
correlated closely with gain in dry weight by the fungus, a maximum 
for both being attained in about 12 days at a temperature of 20° C., 
iollowing which the esters are gradually decomposed. 

4. E. moniliforiiiis produces good growth, accompanied by vary¬ 
ing amounts of ester, on the above medium when asparagin is re¬ 
placed bv any of several organic nitrogen compounds, notably urea, 
but in general neither growth nor ester production is ]ironounced 
when inorganic nitrogen sources are used. The dextrose-urea 
medium yields relatively large quantities of ethyl acetate. 

5. When urea is enqiloyed as the nitrogen source and other 
carbon coinpounds substituted for dextrose in the medium, it is 
found that soluble starch, mannose, cellobiose, and galactose i)er- 
init good growth and good to poor ester production, and 2 pentoses 
good growth but no ester odor. Various 3-carb(m intermediates in 
the usual chain of alcoholic fermentation support little or no growth 
and yield no detectable ester odor. Acetic acid in relatively low con¬ 
centrations inhibits germination and growth of the organism, but 
ethyl acetate is utilized for the production of mycelium. 

Kthyl alcohol serves as an excellent c^irbon source for E. monili- 
forntis with respect to both growth and production of ethyl acetate. 

6. The significance of these findings for the elucidation of the 
phase-sequence of ethyl acetate synthesis by h. iuonilijormis is 
discussed. 

Department of Botany, 

Duke University, 

Durham, North Caroi.ina 
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EXPLANATION OF FIGURES 

Fig. 1. Perithecium extruding ascospores. Stained with cotton blue 
(X92). 

Fig. 2. Malt agar plate culture: numerous perithecia; white mycelial 
growth on periphery (X4/5). 
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Fk;. 3. Malt agar plate culture: stages in development of perithecia 
(X8). 

Fk;. 4. Malt agar plate culture: mature perithecia with apical clumps 
of ascospores (X8). 

Fig. 5. Base of perithecium: numerous spines (X 256). 

Fig. 6 . Mouth of perithecium: ascospores being extruded. Stained with 
cotton blue (X 404). 

Fig. 7. Mass of ascospores, showing gelatinous capsules. Stained with 
cotton blue (X 556). 

Fig. 8. Conidiophorcs and cndoconidia. Stained with cotton blue (X 
556). 



NOTES ON TWO LITTLE KNOWN BIRD’S 
NEST FUNGI FROM SOUTHERN 
UNITED STATES 

Harold J. Brodie 
(with 2 figures) 

As was pointed out by Lloyd, there are but four common and 
widely distributed species of the Nidulariaceae in the United States. 
Lloyd (3) reported that of one hundred and seventy-six specimens 
he had received from correspondents, one hundred and sixty-five 
belonged to one or other of the following: Crncihulum vulgare Tub, 
Cyathus stercorens (Schw\) De Toni, C. striatus Willd., C. verni- 
cosus DC. 

The purpose of this note is to draw attention to two species 
from southern United States, one of which appears to be scantily 
represented in the herbaria of the southern states, the other to be 
known within the United States from only a single collection. It is 
believed that these species might be more frequently collected if 
their characteristics were better known and both are therefore il¬ 
lustrated and described in this paper. 

CYATHUS POEPPIGir Tul. 

In Miss White’s monograph (4) this Cyathus was reported from 
the Danish West Indies. It was originally described from Cuba. 
Lloyd (3) lists collections from Mauritius, German East Africa, 
Australia and Samoa. Coker and Couch (1) refer to the first col¬ 
lection of this species in the United States from Gainesville, Florida, 
1924. Some months ago, the writer examined some specimens of 
C. Poeppigii collected by Dr. Erdman West at Gainesville, Jan. 16, 
1941. Dr. L. R. Hesler, who kindly loaned the specimens from 
the Herbarium of the University of Tennessee, was of the opinion 
that this species had also been found in Tennessee. 

West’s collection consists of some two dozen fruit bodies that had 
evidently developed in clusters. The cups are dark chocolate 
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brozvn, about 8 mm. high and 5-6 mm. wide at the mouth. Super¬ 
ficially they might be mistaken for small depauperate forms of C. 
striatus, C. Poeppigii is distinguished macroscopically by the 
striations or grooves on the upper one-third of the outside of the 
cups (fig. 1). However, because the young fruit bodies are 
hirsute, the external striation is apt to be overlooked. Moreover, 
the writer has examined more than one collection of C. striatus in 
which there is slight striation on the outside of the cup. One such 
collection from Indiana was actually labelled ''C. Poeppigii'' by the 
collector. There is no tunica covering the mature peridioles of C. 
Poeppigii and these therefore appear very dark brown or black and 
shiny (fig. 1). The basidiospores are very large, measuring 
22-25 X 30-32 fi in the West collection. The spore size, of course, 
distinguishes this species very readily from C. striatus. A compari¬ 
son of the characteristics of C. F^oeppigii and C. striatus is given in 
table 1. 

TABLE 1 

Comparison of Cyathus Poeppigii and C. striatus 


Si/x* 

Shape 
Color 

Outer Surface 

Striation 
Peridioles 

Basidiospores 

CYATHUS PALLiDUs Berk, and Curt. 


Cyathus Poeppigii 

Cyathus striatus 

8-10 mm. high; 5-6 mm. 
wide at mouth. 

8-12 mm. high; 6-8 mm. 
wide at mouth. 

Broad— conic. 

Usually more elongate, conic. 

Chocolate brown. 

Light to medium brown al¬ 
though darker forms occur. 

Shaggy or hirsute; hairs 
around mouth inconspicuous. 

Very hirsute; hairs around 
mouth usually very con¬ 
spicuous. 

Marked external striation as 
well as internal. 

Striae internal', if external, 
very inconspicuous. 

Lacking tunica; dark brown | 
to black; 1.5-2 mm. in di¬ 
ameter. 

Usually with evident light- 
colored tunica 

Large, variable; mostly 

22-25 X .50-35 m- 

Small, variable; mostly 

8-12 X 18-20 M. 


As far as the writer has been able to ascertain, this species has 
been collected in the United States only once. It was found by 




Fig. 1 . Cyathus Poeppigii fruit bodies and peridioles. The grooves or 
striae on the outside of the peridium and the dark shiny peridioles devoid of 
tunica are characteristic of this species. Specimens from a collection made 
by Dr. Erdman West, Gainesville, Fla., Jan. 16, 1941. X 2. 

Fig. 2 . Cyathus pallidus fruit bodies and peridioles. The two specimens 
on the left show the coarse hairs characteristic of this species. Specimens 
collected by Dr. William Diehl, Savannah, Ga., Jan. 6, 1933. 
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Dr. William Diehl (Jan. 6, 1933) at Savannah, Georgia, and re¬ 
ported by him in Mycologia, 1941 (2). The specimens were grow¬ 
ing on decaying boxes that had formerly contained cuttings of 
camellia plants. The species was originally described fn»m Cuba 
and was reported by Lloyd (3) from Jamaica and Antigua and by 
Miss White (4) from Cuba. 

Dr. Diehl kindly allowed the writer to examine his collection of 
C. pallid us and the following notes are based upon this examina¬ 
tion. The four specimens of this fungus (fig. 2) are pale buff or 

'FABLE 2 


Comparison of Cyathus pnllidus and C. stercoreus 



Cyathus pallulus 

C yathus stertoreus 

Size 

7-9 mm. high; 8-9 mm. wide 
at mouth. 

Variable, from 5-10 mm. 
high; strains as small as C. 
ptilUdus occur. 

Shape 

Broad—conic. 

Variable but usually with 
sides less divergent than C. 
pallidus. 

Color 

Pale gray-brown. 

Brown or gray. 

Outer Surface 

Hispid with numerous rigid 
hairs. 

Very shaggy with matted 
hairs. 

Peridioles 

With delicate tui.ica; 2 mm. 
in diameter. ^ 

Devoid of tunica; dark brown 
or black; 2 mm. in diameter. 

Basidiospores 1 

Small; subglobose to ellip¬ 
tical; 5-7 X 8-10/i. 

Large; subglobose; 30-35 /u. 


fawn-colored, 7-9 mm. high and 8-9 mm. wide at the mouth. In 
shape they are widely conical. The peridium is thin and mem¬ 
branous and is covered externally with hairs. In addition there 
are coarser rigid hairs that are quite conspicuous. In Dr. Diehl’s 
specimens, the cups are very faintly ridged on the inner surface. 
Lloyd (3) commented: “Tiie type specimens appear very slightly 
striate, but the plant belongs in the section Olla. not in Eucyathus 
as found in Saccardo.” ^ The peridioles are 2 mm. m diameter 
and have a thin tunica. Basidio.spores are small, mostly 7 X 8.5 /a 
in the Diehl sf)ecimens, thick-walled and colorless. 


1 The italics are Lloyd’s. 
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Because this species is not unlike several collections from Florida 
of a small gray form of C. stercoreus (except for the large spores 
of the latter) which the writer has seen, a comparison of the two 
species is given herewith (table 2). 

The superficial resemblance of Cyathus Poeppigii to small dark 
forms of C. striatus, and of C. pallidus to small pale forms of C. 
stercoreus may have resulted in the two rare species being over¬ 
looked by collectors. The appearance of these fungi in Georgia 
and Florida suggests their introduction from the adjacent tropics. 
Dr. Diehl (2) found C. pallidus growing underneath camellia cut¬ 
tings in a commercial nursery and Dr. West found C. Poeppigii at 
Gainesville, Fla. 

Department of Botany, 

Indiana University, 

Bloomington, Indiana 
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NOTES AND BRIEF ARTICLES 

ANNUAL FORAY, 1948 

Inasmuch as the A.A.A.S. had announced plans for an autumn 
meeting for 1948, it was decided to hold the annual foray of the 
Society in the early summer. Such a course had two advantages, 
namely, there would not be two meetings within a short space of 
time, and an opportunity would he afforded to collect representa- 
tives of the late spring and early summer flora. 

Through the kindness of Dr. A. XL Stockard, the director of the 
University of Michigan Biological Station, the Society was enabled 
to utilize the facilities of the Station from June 15 to 17. The 
Station is located in Cheboygan County in the northern part of the 
southern peninsula of Michigan. 

On Tuesday morning, June 15, collections were made in the Carp 
Creek gorge, an area with a primarily coniferous cover. Identifica¬ 
tion of material and further collecting at nearby sites occupied the 
afternoon. In the evening, before a most welcome open fire in the 
recreation hall, members were treated to an extraordinarily fine 
display of Kodachrome pictures of fungi by K. B. Mains, A. H. 
Smith and B. B. Kanouse, of the University Herbarium. Wednes¬ 
day, June 16, was devoted to an all day trip to the scenic Harbor- 
Springs-Cross Village area bordering L>ake Michigan. Collections 
were made in the hardwoods bordering the lake. After a picnic 
lunch, collections were made at other ])oints along the return route 
to the Biological Station. That evening, Dr. E. B. Mains ex¬ 
plained and illustrated a series of stereokodachrome pictures of 
fleshy fungi which is in preparation. Thursday, June 17, was 
devoted to collecting in two nearby bogs. In the morning the 
group went to Mud Lake Bog where a number of interesting finds 
were made. In the afternoon Reese's Bog, bordering Burt Lake, 
was the collecting area. 

Although an early summer drought did not make collecting as 
fruitful as it might have been, a goodly number of interesting speci- 
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Annual foray, 1948, Douglas Lake, Michigan. 


mens were brought back to the Station. A list of these together 
with their collectors is appended. 

I would be remiss, indeed, if special mention were not made at 
this time of the yoemaii service performed by A. II. Smith in mak¬ 
ing the foray a success. His familiarity with the terrain was of 
tremendous value. Nor were Smith’s contributions to the foray 
confined entirely to fleshy fungi. It was with pardonable pride 
that the Vice-President noted he was evidently educating certain 
well-known rust and agaric specialists in the methods of finding 
aquatic fungi. At least, so it seemed, for every evening at dusk 
these gentlemen would adjourn to some nearby stream with boots 
and straw collecting l)askets. Since the substrata obtained never 
seemed to possess saprolegniaceous fungi on them, they were 
promptly utilized for other worthy but distinctly non-mycological 
purposes. 

The following is a list of the fungi collected. The collector’s 
names are abbreviated and in parentheses, i.e., St. = Stevenson, 
S. = Sinden, Ri. Reischer, etc. 

LIST OF SPECIES 

Achlya ftagellaia: 4 collections from Maple River, June 15, 1948. 2 from 
I^ke Shore cut off, June 16, 1948. 1 from Mud Lake Bog, June 17 
1948 (Ri.) 
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Achlya Klebsiana (probably) : 1 collection from Maple River, June 15, 1948 
(Ri.) 

Achlya papillosa: 2 collections from Mud Lake Bog, June 17, 1948 (Ri.) 
Achlya polyandra (probably) : 1 collection from Maple River. June 15. 1948 

(Ri.) 

Ascochyta cassandrac Pk., on Chamaedaphne calyculata (L.) Moench. (S.) 
Bifusella Faullii Darker, on Abies balsamea (L.) Mill. (S.) 

Chrysomyxa cassandrac (P. & C.) Tranz., on Chamaedaphne calyculata. Mud 
Lake Bog, June 17, 1948, Rogerson & JAS. (St.) 

Chrysomyxa cassandrac (P. & C.) Tranz., on Chamaedaphne calyculata (L.) 
Moench. (S.) 

Chrysomyxa chiogenis Diet., on Chiogenes hispidula (L.) T. & G. (S.) 
Chrysomyxa Icdi (A. & S.) de Bary, on Ledum groenlandicum Oeder (S.) 
Chrysomyxa ledi (Alb. sk Scliw.) de By, on Ledum groenlandicum. Mud Lake 
Bog, June 16, 1948 (St.) 

Daedalea unicolor Bull, ex Fr., on Betula (dead wood), below Cross Vil* 
lage (St.) 

Erysiphe graminis D. C., on Agropyron repens, Grounds, Biol. Sta., June 15, 
1948 (St.) 


Fames pini (Fr.) Karst., on Picea glauca. Mud T-ake Bog, June 17, 1948, det. 
J. L. Lowe (St.) 

Fames pinicola (F>.) Cke., on Tstiga canadensis, (iorge, Biol. Sta. U. Mich., 
June 15, 1'948 (St.) 

Fames scutellatus (Schw.) Cke., on Alnus (dead twigs). Mud Lake Bog, 
June 17, 1948 (St.) 

Pomes subroseus (Weir) Overh., on Abies balsamea, Mud Lake Bog, June 
17, 1948 (St.) 

Herpobasidium filicinum (Rostr.) Lind., on Dryopteris disjuncta (Rupr.) 
Morton (S.) 

Ilyalopsora aspidiotus (Pk.) Magn., on Abies balsamea, above Harbor 
Springs, June 16, 1948, Kern et al. on Phegopteris dryopteris alK)ve 
Harbt^r Springs, June lO, 1948, Kern et al. (St.) 

Hyalopsora aspidiotus (Pk.) Magn., on Abies halsamea (L.) Mill, and on 
Dryopteris disjuncta (Rupr.) Morton (S.) 

Ilymenochaetc tabacina (Sow. ex Lev.), on Alnus (dead branches). Mud 
Lake Bog, June 17, 1948 (St.) 

Ilypodermella punctata Darker, on needles of Abies balsamea, below Cross 
Village, June 16, 1948; on needles of Abies balsamea. Mud Lake Bog, 
June 17, 1948 (St.) 

Irpex cinnamomeus Fr., on Quercus (dead branches)—above Harbor ..jprings, 
June 16, 1948 (St.) 

Isoachlya unispora: 1 collection from Carp Creek, the Gorge, June 15, 1948. 
1 from Maple River, June 15, 1948 (Ri.) 

Lachnum virgineum (Batsch. ex Fr.) Karst., on dead twigs. Mud Lake Bog, 
June 17, 1948 (St.) 

Leptolegnia caudata: 1 culture from Mud Lake Bog, June 17, 1948 (Ri.) 

Leptothyrium periclymeni (Desm.) Sacc. var. americanum E. & E., on 
Lonicera canadensis Marsh (S.) 
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Mycosphaerella chimaphilina (Pk.) House, on Chimaphila umbellata, below 
Cross Village, June 16, 1948 (St.) 

Mycosphaerella chimaphilina (Sacc.) House, on Chimaphila umbellata (L.) 

Bart. var. cisatlantica Blake (S.) 

Peltigera canina (L.) Willd., Reese’s Bog, June 17, 1948 (St.) 

Peniophora cinerea Fr., on Betula (dead twigs). Gorge, Biol. Sta., June 15, 
1948 (St.) 

Phyllachora Witrockii (Erikss.) Sacc., on Linnaea borealis L. var. americana 
(Forbes) Rehder (S.) 

Polyporus abietinus Dicks, ex Fr., Tsuga canadensis. Gorge, Biol. Sta., June 
15, 1948; Betula sp.. Gorge, Biol. Sta., June 15, 1948 (St.) 

Polyporus biformis Kl., on dead w(K)d, below Cross Village, June 16, 1948 
(St.) 

Puccinia amphigena Diet., on Calamovilfa longifolia, above Harbor Springs, 
Emmet Co., June 16, 1948 (St.) 

Puccinia caricis-grossulariata Arth., on Grossularia, Maple River, June 15, 
1948 (St.) 

Puccinia coronata Cda., on Rhamnus alnifolia, Reese’s Bog, June 17, 1948 
(St.) 

Puccinia coronata Cda., on Rhamnus cathartica L. (S.) 

Puccinia exicnsicola solidaginis (Schw.) Arth., on Solidago allissimum, 
Reese’s Bog, June 17, 1948; on Solidago sp., Reese’s Bog, June 17, 1948 
(St.) 

Puccinia pringsheimiana Kleb., on Ribes sp. (S.) 

Puccinia violae (Schum.) D. C. (?), on Viola sp.. Gorge, Biol. Sta., June 

15, 1948 (St.) 

Pucciniastrum Pyrolae (Pers.) Schroet., on Pyrola sccunda L. (S.) 
Ramularia arvensis Sacc., on Potentilla norvegica L. var. hirsuta (Michx.) 
Lehm. (S.) 

Ramularia Magnusiana (Sacc.) Lindau, on Trientalis borealis Raf. (S.) 
Rhytisma andromedae (Pers.) Fr., on Andromeda glaucophylla T-k. (S.) 
Saprolegnia jerax: 2 collections from Carp Creek, the Gorge, June 15, 1948 

(Ri.) 

Saprolegnia litoralis: 2 collections from Carp Creek, the Gorge, June 15, 
1948 (Ri.) 

Septoria coptidis Berk. & Curt., on Coptis trifolia, Mud Lake Bog, June 17, 
1948 (St.) 

Septoria osmorrhizae Pk., on Osmorrhiza sp.. Maple River, June 15, 1948, 
J. C. Gilman (St.) 

Septoria trillii Pk., on Trillium, above Harbor Springs, June 16, 1948 (St.) 
Septoria trillii Pk., on Trillium grandiflorum Michx. (S.) 

Steccherinum ochraceum (Fr.) S. F. Gray, on Alnus (dead bark). Mud 
Lake Bog, June 17, 1948 (St.) 

Stereum fasciatum Schw., on Betula (fallen log), below Cross Village, June 

16, 1948 (St.) 

Stereum sanguinolentum (Alb. & Schw.), on Abies balsamea, below Cross 
Village, June 16, 1948 (St.) 

Taphrina }bacteriosperma Johans., on Betula papyrifera Marsh var. cordi^ 
folia (Regel) Fern. (S.) 
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'1 aphrina caerulcsccfis (Mont. & Desm.) Tul., on Quercus ^borealis Michx. 
F.(S.) 

I aphrina caerulescens (Mont. & Desm.) Tul., on Quercus maxima, Biol. 
Sta., June 15, 1948 (St.) 

Taphrina dearnessii Jenkins, on Acer rubrum L. (S.) 

Taphrina dearnessii Jenkins, on Acer rubrum, Reese’s Bog, June 17, 1948, on 
Acer rubrum, also seen at Biol. Sta., June 15, 1948 (St.) 

Taphrina fiava Farl., on Betula papyrifera, Reese’s Bog, June 17, 1948 (St.) 
Taphrina viryinica Seym. Sadeb., on Ostrya viryiniana (Mill.) Willd. (S.) 
Thraustothcca clavata: 1 culture from Mud Lake Bog, June 17, 1948 (Ri.) 
Uromyccs acuminatus Arth., on Smilacina stellata, above Harbor Spring.s, 
June 16, 1948 (St.) 

Uromyces acuminatus Arth., on Maianihemum catuidense, above Harbor 
Springs (Kmmet C.), June 16, 1948 (St.) 

Uromyces caladii (Schw.) Farl., on Arisaema triphyllum. Maple River, lune 
15, 1948 (St.) 

Uromyces caladii (Schw.) on Arisaema atrorubens (Ait.) Blume. (S.) 

Venturia dickiei (Berk. & Br.) Ces. & de N., on Linuaea borealis L. var. 
americana (Forbes) Rehder (S.) 

Venturia diekiei (Berk. & Br.) Ces. & de Not., on Linuaea borealis, Reese’s 
Bog, June 17, 1948 (St.) 

Venturia pulcheUa C. & P., on Chamaedaphne calyculata (L.) Moench. (S.) 

—F. K. Sparrow. 


Should Ur. U. P. Rogers’ Proposals for tjie Regulation for 
Fixing the Generic Types Be Accepted as Published 
IN Mycologia 41: 219, 1949? 

The proposals made by Ur. U. P. Rogers regarding the fixation 
of the generic types arc extremely important for further taxonomic 
work in the fungi as well as in other special fields of botany. It is 
the writer’s impression that they should be discussed widely before 
they are submitted to the International Congress at Stockholm. 
As a member of the “Special Committee on Fungi for the Inter¬ 
national Congress at Stockholm,” the writer is expected to either 
approve or disapprove of proposals submitted, but in the case of 
Ur. Rogers’ proposals, a mere yes or no would not be sufficient. 
On one hand, this proposal has the merit to give the taxonomist a 
'‘clear, simple, and honest” (as Rogers says himself) tool for the 
selection of types; on the other hand it is too rigid and explicit to 
satisfy those who insist on keeping all additional rules in line with 
the basic idea as expressed in Art. 3 (1) “to aim at fixity of 
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names'' and Art. 18, Recommendation VI, “choose a species that 
will fix the generic name as it is now commonly applied." For 
example, following the proposed rules as edited by Rogers one 
would have to exclude the generic name Cantharellus and either 
abandon (as a synonym) or change the sense of the genus Psathy- 
rella. Rogers Art. 5(b) would, if interpreted literally, imply that 
only species with white spores are typical for Cantharellus since 
this is stated in the original description. The typical Cantharelli 
in the sense of all authors have colored (yellow or rosy) spores 
while those species originally admitted in Cantharellus that have 
white spores, are now excluded from the genus. However, being 
forced by a rigid rule, one would have to exclude the species gen¬ 
erally accepted (Earle, Murrill, Clements & Shear, Singer & 
Smith, Doty) as generic type, Cantharellus cibarius, and admit one 
of the white-spored species instead which would upset the taxonomy 
of the whole complex. In the case of Psathyrella, one would have 
to follow the even more dangerous rule indicated in Art. 6 (“Among 
species eciually eligible, the preference shall be given to the first 
known to have been designated as the type") ; this would be 
Psathyrella disseminata, now separated from Psathyrella in the 
sense of all modern authors and either incorporated into Coprinus, 
or type species of a small genus, Pseudocoprinus. Consequently, 
Psathyrella would become a synonym of Coprinus or it would re¬ 
place Pseudocoprinus, and the species of Psathyrella, now more 
numerous than ever, would have to be transferred to Hypholoma, 
or Psilocybe, both used in another sense by some mycologists, and 
in the sense of Psathyrella by none. These examples might be 
supplemented by others of the same group of fungi as well as by 
examples from other cryptogams and phanerogams. One can by 
no means imply that these or similar generic names belong to what 
Rogers calls “a beloved, but illegitimate nomenclature." In the 
contrary, the acceptance of the rules proposed by Rogers would 
tend to “cause error and ambiguity." Rogers’ proposals would 
have been excellent if they had been published 30 years ago. Now, 
they will help solving some of the problems accumulated because 
of the absence of such rules, but at the same time, they will destroy 
that partial structure of sound, acceptable generic names created 
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by the common sense of many authors and tradition of up to two 
centuries. Aside from that, one will have to consider the difficulty 
of establishing definitely the first designation of a type species, 
and the changes in what is considered disagreement with an origi¬ 
nal diagnosis. 

The writer proposes to use Rogers' proposal (or a similar one) 
as a basis but restricting the rules to articles 1-3, or possibly 1- 
5(a), referring Art. 4-6, or at least 5b, and 6 to the recommenda¬ 
tions. since such a set of rules and recommendations does not and 
should not solve every single problem of typification. However, 
the writer cannot see why the remaining difficulties cannot be over¬ 
come by lists of “Species Lectotypicae" such as given in the supple¬ 
ment written by HitchccKk & Green for the Linnean generic names 
of the Phanerogamae. This has the additional advantage to pro¬ 
mote the preparation of lists by specialists in various groups thus 
avoiding the rigid application of rules which would upset the 
nomenclature in certain cases. After such lists have been sub¬ 
mitted, they should be discussed, and judged by the sincerity with 
which the author has applied the existing rules and recommenda¬ 
tions, and by the respect he has shown for the names based on 
established custom, as long as they are legitimate. 

Whether Appendix I in the end takes the form of Rogers' pro¬ 
posals, or as here proposed, ihat of a short and simple set of rules 
and recommendations plus a supplement of lists of “Species Lecto- 
typicae”—let us not forget that action one way or the other is 
preferable to rejection of or inaction on both proposals. 

—Rolf Singer. 

Instituto Mtguei. Lili.0, 

Universtdad Nacton al dk Tucuman 


The Myxomycetes ^ 

The embodiment of Dr. G. W. Martin's long-continued studies 
in the taxonomy of the Myxomycetes has recendy appeared as vol- 

1 Martin, G. W. Fungi. Myxomycetes. Ceratiomyxales, Liceales, Tri- 
chiales, Stemonitales, Physaralcs. North American Flora 1 (1): 1-151. 
Bibliography, by H. W. Rickett, pp. 153-178. Index, pp. 179-190. 1949 
New York Botanical Garden, $7.25. 
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ume 1, part 1, of North American Flora. Students of these fungi 
will note a considerable change from the arrangement of the com¬ 
ponent groups appearing in Macbride, Macbride & Martin, and 
Hagelstein, the predecessors of the present work. In addition, a 
number of small genera and of poorly-marked species have been 
combined with related groups with the purpose of better expressing 
the existing relationships. 

Although parts of the North American Flora dealing with fungi 
have been appearing since 1906, it has been left to Dr. Martin to 
define (on p. 1) the Division Fungi .— Donald P. Rogers. 


Notice to Contributors 
to Mycologia 

Professor G. W. Martin of the Department of Botany of the 
University of Iowa has been elected to the position of Editor-in- 
Chief of Mycologia for the five year term beginning with the vol¬ 
ume for 1951. After September 1, 1950 all manuscripts should 
be submitted to him at the above address. Professor Martin ex¬ 
pects to be in Europe for some months previous to the above date, 
so the present incumbent will function until that time. This is 
important to those who will be submitting papers for the last two 
issues of 1950 since if such papers are sent to Professor Martin 
during the summer months they might accidentally be neglected un¬ 
til work is started on the 1951 issue. —Alexander H. Smith. 
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FUNGI IN RELATION TO THE DEGRADA¬ 
TION OF WOOLEN FABRICS" 

W. Lawrence White, G. R. Mandels,^ and R. G. H. Siu ^ 

(with 7 figures) 

Intkodl’ctiun 

The purpose of this investigation was to test the ability of a few 
common saprophytic moV:ls and a series of human pathogenes to 
degrade woolen fabrics, and further, to elucidate generally the ques¬ 
tion of fungous degradation of such materials. 

The interest of menihers of the (Quartermaster Laboratories, 
which had hitherto been primarily in cellulosic materials, was ex¬ 
tended, beginning late in 1945, to include studies on the microbio¬ 
logical degradation of woolen fabrics. At that time a report was 
received from the Office of the Quartermaster General that troops 
in moving from one location to another were sometimes required 
to pack woolen clothing hastily into barracks bags, and upon reach¬ 
ing the destination would find the garments molded and in a dis¬ 
agreeable condition. Someone had made a preliminary survey of 
the molded fabrics and had named Fusaruim momlijorn.e Sheld. 
as the species mainly responsible. 

1 Presented in part at the A.A.A.S. Meetings, Chrago, Dec. 1947. 

- Formerly of U. S. Army Quartermaster General Laboratories, Philadel¬ 
phia, Pennsylvania; now at Harvard University. 

^ Quartermaster General Laboratories. 

[Mycologia for January-February (42: 1-198) was issued 
February 21, 1950] 
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The original source of the report and the geographical area in 
which the annoyance occurred were never learned, and no great 
amount of faith was placed in the scientific accuracy of the deter¬ 
mination of F. monilijonne as the causal organism. However, no 
stretch of the imagination is required to think of such clothing— 
perhaps damp, dirty, and sweaty—becoming molded when placed 
in bags in damp climates. The organisms involved, though seri¬ 
ously objectionable, need not necessarily be actual wool degraders. 

The microbiological deterioration of woolen fabrics in its funda¬ 
mental and more ])urely scientific aspects is part of a broader 
problem having to do with the nutritional relationship of microor¬ 
ganisms to keratinous materials in general—wool, hair, nails, 
horn, hoof, feathers, etc. Our knowledge of organisms capable 
of growing on such materials has been slowly expanded, dating 
from the observations of Onycjena equina on old hoofs and horns iu 
the very early days of the history of mycology to the very recent 
records contained in a series of papers by Dr. John S. Karling. 
Karling has successfully used various keratinous materials to trap 
members of the Chytridiales from soil and a(|uatic habitats. Stud¬ 
ies on physiological and chemical aspects of the utilization of 
keratins by the dermatophytes have recently been reported by 
Page ( 1948 ), and a program of fundamental research (Mandels, 
.Stahl & Levinson, 1948 ; Stahl, McQue & Siu, 1948 ) has been in 
progress at the Quartermaster Laboratories since shortly after the 
inception of the work, in 1945, on which the present paper is based. 

Turning more specifically to the question of the fungous degra¬ 
dation of woolen fabrics, to which the present paper will be strictly 
confined, the information available tends to be rather scanty and 
not very specific. The degradation of “felts” in the paper industry 
has long been a problem, but the cause presumably is wholly or for 
the most part bacterial. It is a matter of common observation 
among those individuals who are engaged in research on deteriora¬ 
tion problems that woolen fabrics when subjected to standard soil- 
burial procedures will decay as readily as do cotton fabrics sub¬ 
jected to similar tests. During the war the number of complaints 
about the molding of woolen goods was minor compared with the 
number concerned with the molding of cotton products. To some 
extent this is due to the fact that in regions where mold problems 
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are greatest, there is relatively little wool used. On the other hand 
there is no doubt hut that fewer fungi are capable of attacking wool 
than are caj)able of attacking cotton. Some cases of molded wool 
were reported, however, and some samples of such material did 
reach the writers. There still remains the problem of making de¬ 
tailed studies and tests of some of the fungi that were isolated from 
such materials. 

Tn 1946 one of the present authors had the opportunity of making 
a Held survey of the degradation of materials around the tropical 
belt of the world. The more concentrated attention was on cellu- 
losic materials but some incidental observations were also made 
on the behavior of wool. Samples were returned which exhibited 
severe deL-^radation by Actinomycetes and at the same time showed 
resistance to attack by fungi. Caps, field jackets, trousers, etc., 
made up of combinations of cotton and woolen materials often 
showed severe molding of the cotton ])arts, whereas the adjacent 
woolen portions had remained free from attack. Photogra])hic il¬ 
lustrations of such molded items, accompanied by brief observa¬ 
tional data, have already been presented (White, 1946a, b; White, 
Sill & Ree.se, 1948, p. 6i<S-629). 

LITERATURE REVIEW 

Those who have worked on the problem of the molding of 
woolen fabrics from the point of view of the textile industry have 
not drawn a very clear-cut distinction between molds utilizing 
finishing materials and those utilizing the substance of the wool 
itself. It is evident that mold in any case is objectionable. Bur¬ 
gess appears to have been the first worker to ent^T the field. In a 
series of papers extending over a ten-year period beginning in 1924 
(those concerned with fungi being cited in the bibliograjdiy) he 
dealt primarily with the molding of fabrics in storage and transit, 
lie stressed the role of ag- nts used in the manufacture of woolen 
goods in rendering the fabric susceptible t(^ molding in storage. 
These were such materials as soaps, oils, and conditioning fluids. 
While some substances modified the fiber itself to make parts of it 
utilizable, it appeared that most of the increased susceptibility was 
due to the nutritive value of the processing or finishing material. 
The mildewing properties of both scoured and unsroured wool were 



202 


MYa)L()(]iA, VoL. 42, 1950 


greatly reduced by thorough washing with water. Though the 
action of heat in rendering w’ool susceptible to attack was not 
stressed by Burgess, it had become well known even at that time 
that wool was subject to modification by the action of heat. Bur¬ 
gess (1928) did, however, call attention to the difficulty of testing 
fungi on wool because of the partial hydrolysis and resulting 
increased susceptibility ])rought about by discontinuous steaming 
which was the method of sterilization that he emjjloyed. But, for 
the most part, those interested in the microbiology of wool gave 
little consideration to the effect of ordinary laboratory sterilization 
in rendering wool susceptible to attack by organisms. Humfeld, 
Elmquist, & Kettering (1937) demonstrated fully that standard 
autoclaving, as well as other heat and various chemical treatments, 
modified the chemical and physical properties of wool. Their 
interest was chiefly in sterilization to prevent transmission of hu¬ 
man bacterial diseases. Perhaps there was inference that the modi¬ 
fication was in the direction of increased suscei>til)ility to bacterial 
degradation, but no work was done with fungi. 

The question of fungi versus bacteria as degraders of woolen 
goods has been given some attention, with general agreement (Bur¬ 
gess ; Thaysen, Bunker, Butlin & Williams, 1939; Harold, 1941; 
Shanor, 1945; Berk, 1947) having been reached on certain impor¬ 
tant phases of the problem, viz: that woolen fabrics are ordinarily 
less susceptible to attack by microorganisms than cotton goods; that 
wool is none-the-less subject to attack by both fungi and bacteria; 
that wool is not likely to be attacked unless the humidity is very 
high, considerably above that necessary for attack on cotton; that 
any annoyances in damp storage are likely to be due to fungi, a 
state of wetness or near wetness being necessary for bacterial action. 

Several workers have studied the relation of fungous pathogens 
of the human skin to woolen clothing and have called attention to 
the possibility of the transmission of skin diseases through woolens. 
However, cases of actual transmission have been difficult to prove 
conclusively, and it is still largely presumptive that woolen clothing 
is more apt to transmit skin diseases than cotton or any other kind 
of clothing that may be transferred from contact with diseased to 
normal skin. Gould and Carter (1931) inoculated small squares of 
a sweated woolen athletic jersey with the ringworm fungus, Tricho- 
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phyton interdigit ale, and reported that the fungus remained viable 
for some months, as was also true of inoculum placed on glass, but 
that it did not grow on the wool. Their conclusion was that patho¬ 
genic fungi might live on and be transmitted l)y woolen clothing but 
were not likely to grow there. Bonar and Dreyer (1932) investi¬ 
gated the growth and transmission of fungi through the medium 
of clothing, laundries, the wood and debris of dressing room floors, 
etc. From this work it appears that ringworm fungi may be trans¬ 
mitted through infested skin scales in clothing, either wool or cot¬ 
ton, that they are capable of growth on, and decomposition of, 
woolen but not cotton fabrics. The temperatures used in standard 
power laundry practice for white cottons were suffleient to kill the 
fungi, but that employed for woolens and colored fabrics was 
doubtful. Dry cleaning solvents had negligible action on the fungi. 
The fungi tested were Trichophyton inicrdigitalc, T. rosacemn, 
Epidermophyton cruris, and Micros par on lanosnm. Berberian 
(1938) placed woolen, cotton, and silk .stockings in se])arate Krlen- 
meyer flasks’with a small amount of water, autoclaved them, and 
inoculated them with .s])ores of Trichophyton intcrdigitalc. He 
reported that at the end of three or four weeks there was marked 
growth on all of them. He also reported growth on several other 
materials. Fmphasizing the role of footwear in transmission and 
reinfection he recommended formaldehyde sterilization of such 
materials. Rogers, Hirschmann and Humfeld (1940) found 
Trichophyton intcrdigitalc capable of destroying scjuares of auto¬ 
claved, undyed, laundered, wool blanket material when they were 
placed on water agar, mineral salts agar or nutrient agars and inocu¬ 
lated with a spore suspension. They emphasized the ])ractical im¬ 
portance of their findings both in the transmission of the athlete’s 
foot disease and in the probable role of the fungus in the utilization 
of the fabric, thus shortening the period of serviceability. On the 
basis of the exploratory work reported in the present paper the 
ringworm fungus Microsporum gypseuni apiieared to be the most 
suitable of the fungi for biochemical studies on wool degradation. 
The strain (FQMD 196) on which later work was based (Mandels, 
Stahl, Levinson, 1948; Stahl, McQue, & Sin, 1948; Stahl, Mc- 
Que, Mandels, & Sin, 1948) was isolated by Mary Downing on 
.September 12, 1946 from a strip of olive-drab woolen cloth that 
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had been removed July 31 after having been subjected to indoor 
soil burial at the Philadelphia Quartermaster De])ol for one week. 
It will be noted that strains received later from Dr. Emmons were 
perhaps eriually vigorous. 

The role of the common air and soil borne molds in relation to 
woolen materials is very vague, though several workers have given 
incidental attention to the identity of organisms isolated from or 
growing on wool. Burgess (1924) emphasized the role of bacteria, 
stated that it was common knowledge that molds also grow on 
wool, but obtained mostly negative results when molds were placed 
on sterile (presumably interval steaming) commercially scoured 
wool. Eventually he did find a few strains which fruited vigorously 
—Aspergillus niger, an undetermined Aspergillus and a Pcnieil- 
liunu Among fungi found growing naturally on wool he mentioned 
Dematium (possibly = Pw//w/am pullulans), other Fungi Impei- 
fecti; and yeasts. The same author (1928) continuing ])urc cul¬ 
ture tests called attention to the difficulty and uncertainty of such 
tests due to the hydrolysis caused by the discontinuous steaming. 
On wool thus treated he obtained growth of Fusariuin (2 spp.), 
Ccphalothecium roseuui, Aspergillus niger, //. fuinigatus, A. (2 
spp.), Penicillium brevieaule, P. (3 spp.), Aerostalagmus sp., and 
Triclioderma sp., but furnished no cpiantitive data of any kind. 
Prindle (1935) studied the inicrofiora of samjdes of raw back and 
shoulder wool from Western U. S. He found large numbers of 
saprophytic bacteria and molds which he assumed to represent con¬ 
tamination from soil, water, and air. Molds of the genera Sfein- 
pliyliinn, Penieillium, Obspora, Alternaria, and Mucor were iso¬ 
lated. Most of them were washed away or inactivated in the 
process of a scouring and drying. Some isolates from all of the 
foregoing genera except Mueor were claimed to cause complete 
destruction of fiber in worsted yarn, some causing discoloration 
without destruction. Hirschmann, Zametkin, and Rogers (1944) 
found degreased, steam-sterilized wool to support growth of BaeiP 
lus mesentcricus, B. subtilis, and Actinomyces albus in the presence 
of added nutrients. The one fungus with which they worked, 
Chaetomium globosum, was able to grow on wool in the presence of 
only distilled water. The fiber was relatively resistant to all four 
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organisms. C. glohosmn was less active in fiber* disintegration 
than A. albus which was the strongest of the lot. 

Karling, to whom reference was made earlier, has started a series 
of papers ( 1946 ; 1947 ) on keratinophilic chytrids, indicating that 
ability to utilize keratin, or possibly even restriction to keratinous 
materials, may be not uncommon among the Chytridiales. Two 
sjiecies, Rhii^ophydium kcratinophilnm ( 1946 ) and Phlycforlii::a 
vanohilis ( 1947 ) , both new, were trap])ed on keratinous substances 
and found to grow on all common forms of keratin-containing tis¬ 
sues, including wool, but not on other materials. In so far as is 
known they are strictly soil inhabitants, presumably existing there 
on bits of keratinous substances, and are of no economic im])ortance 
in the destruction of fabrics in use or .storage. 


j:xtm:rim knts 

Experiment 1. fiction oj nine common molds on si earn sterilized 
leool serge (table 1). 

Nine molds commonly isolated from cotton fabrics after ex¬ 
posure in the tropics, and of known cellulolytic activity, were 
selected. 

Strips of 18-oz., olive-drab, wool serge were prepared by cutting 
to a size slightly larger than 6 X 1 in. and raveling to exactly that 
size. These were placed one each in JOO X 25 min. lest tubes each 
containing 25 ml. of mineral salts (formula A, Greathouse et al., 
1942 ) medium so that apjiroximately the lower half of each .strip 
was submerged. The tubes were then plugged with cotton and 
autoclaved jor 20 minutes at 15 lbs. pressure. Inoculum was made 
up by agitating sterile distilled water on ])otato dextrose agar slants 
on which the fungi were in good sporulating condition, 'fwo ml. of 
the resulting spore suspension w*ere distributed over the above-liquid 
portion of each strip by means of a pijiette. Incubation of the strips 
was at 85° F. Following incubation the strips were removed, 
washed first in 1 : KXX) mercuric chloride, rin.seil in wuter, dried on 
paper towels in the laboratory atmosphere, subjected to standard 
conditioning, and broken on the motor-driven Scott tester. Fungal 
activity was measured in terms of decline in breaking strength. 
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The results kre presented in table 1. 

The following points may be made by way of summary and com¬ 
ment. 

1. Of 9 organisms tested on wool serge, one, Aspergillus unguis, 
caused a pronounced increase in tensile strength and another. A, 

TABLE 1 


Action ok Nine Organisms on Steam Sterilized Wool Serge 


Organism^ 

Days in¬ 
cubation 

Individual breaks, lbs. 

Ave. 

Visual 

growtli 

None; 2 ml. 

10 

54, 55. 55, 55. 54 

54 

0 

(list, water 

14 

57. 50. 56. 56. 55 

55 

0 

. 1 spergillus unguis'^ 

10 

70, 67, 67. 70, 64 

68 

0 

PQMD Hf 

14 

70, 70, 69, 71, 7.1 

71 

. -h 

Aspergillus niger^ 

10 

50. 61, 62, 64, — 

59 

0 

PQMD 4j 

14 

58, 59. 58. 59, 58 

58 

0 

Aspergillus uslus^ 

10 

40, 46. 45, 41, 40 

42 

0 

PQMD 4h 

14 

59, 41, 49, 49. 55 

46 

+ 

Aspergillus fumigatus 

10 

58. 58. 38. 48. 42 

41 

4- 

PQMD 6b 

14 

54, 28. 51. 54. — 

52 

+ 

Fusarium javanicum 

10 

29, 55, 22, 28, 25 

28 


PQMD 23d 

14 

29, 28, 51, 54, - 

51 

+ + + 

Stachyhotrys atra 

10 

18, 25, 26, 45, 28 

28 

-f 

PQMD 85m 

14 

49, 25, 22, 24, 27 

29 

-f 

Torula convoluta 

10 

25. 19, 19, 19, 19 

20 

+ 

PQMD 4c 

14 

18, 10, 16, .10, 19 

15 

+ 4- 

Memnoniella echinala 

10 

15, 19, 15, 17, 15 

16 

0 

PQMD Ic 

14 

18, 16, 19. 16, 18 

17 

0 

Fusarium moniliforme 

10 

10, 10, 15, 14, — 

12 

4- + + 

42 Chem. 70d 

14 

12, 14, 15, 12, 11, 15 

15 

4-4-4-4- 


* Arranged from top to bottom in order of increasing severity of attack. 

* Non-cellulolytic. 

® Of weak cellulolytic ability. All others substantial cellulose destroyers. 


niger, caused a slight though scarcely significant increase; all others 
caused a definite decrease, with Fusarium monilijorme exhibiting 
stronger action than the others. 

2. The two organisms, which in the foregoing test did not bring 
about any decline in tensile strength of the wool, had been dem¬ 
onstrated previously by repeated tests not to be cellulose destroyers. 
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Aspergillus ustiis, third on the above list, grows well on cotton 
fabrics with very slow decrease in strength. The six remaining 
organisms are strong destroyers of cotton fabrics. However, be¬ 
cause of the small number of organisms tested on wool, the cor¬ 
relation may be only incidental. 

3. Table 1 indicates, in general, little or no decline in strength 
between the 10th and 14th day of incubation. This is unac¬ 
counted for since the two .sets of strips appear to have been han- 


TABLK 2 

Action of Four Organisms on Steam-stfrili/tcd Wool Serge 


OrRanisin 


Days in¬ 
cubation 


Control, strips autoclaved, incubated, 
but not inoculated 


7 

9 

14 


Lbs. breaking 
strength; av. 
of 10 repli- 
tates 


72 

64 

61 


Visual 

growth 


0 

0 

0 


Aspergillus terreus 
PQMD H 2 j 


7 

9 

14 


71 

62 

68 


4- + 

“h 4* 
44-4- 


Pen ic ill turn s i mpl iciss i m u m 
USD A 15 .t 


7 

9 

14 


71 

6.S 

69 


4 

4 

44 


Pestolotia sp. 

Panama 57 B 5 G 


Trichoderma viride 
PQMD ISe 


7 

9 

14 

7 
9 
1 1 


69 

61 

67 

64 

.S7 

57 



4 

•4 4 
44 

4 

_i_ -j_ 
444 


died correctly, including breaking by the same individual on the 
same machine. 

Experiment 2. Activity of four miscellaneous fungi ou steam- 
sterilized wool serge (table 2). 

The materials and methods were the same as in the previous set 
of tests. The organisms tested, the periods cf incubation, and the 
results obtained are indicated in table 2. 

The following notes were recorded concerning the growth char¬ 
acteristics of the organisms on the wool. 
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PQMD 82j\ Fine white hyphal fuzz developitig over whole 
surface of strip by 7th day and showing a certain amount of scat¬ 
tered pale brown sporulation. 

USD A 15.1, Scant white mycelial growth developing slowly 
with some sporulation at extreme upper end of strip. 

Panama 57B5G. White cottony mycelium developing on lower 
part of exposed portion of strip; no noteworthy increase in growth 
after 9th day; no sporulation. 

PQMD 18e. At 7 days showing a fine fuzzy white mycelial 
growth more or less evenly distributed over the above-water por¬ 
tion of the strip and a few yellowish fruiting pustules appearing at 
margins and top; at 9 and 14 days showing considerable white my¬ 
celium with yellowish green fruiting hammocks scattered over the 
cloth. 

It is evident from the table and the foregoing paragraphs that 
although there was enough carbon present, probably as extraneous 
matter, to enable all of these fungi to make a certain amount of 
growth, they were nevertheless incatmble of attacking the wool di¬ 
rectly. It may be noted, incidentally, that all four of these fungi 
have been shown to break down cotton fabrics under similar test 
procedures. 

Experiment 3. Activity oj tzvelve miscellaneous organisms (^in¬ 
cluding those tested on sterilized wool in experiment 1) on un- 
sterilized loool challie (table 3). 

Strips of gray wool challie, raveled to exactly 6x1 inches, were 
wet out in 0.05 per cent Gardinol WA, rinsed in distilled water and 
placed 1 each in test tubes of 200 X 25 mm. size, each containing 
25 ml. of sterile (GreathoUvSe formula A) mineral salts solution. 
This amount covered a little less than one-half of the strip. 

The inoculum was prepared as follows: liach organism to be 
tested was streaked on a potato dextrose agar slant in a standard 
20 mm. test tube and incubated at room temperature for about 3 
weeks to obtain good sporulation. To each tube was added approx¬ 
imately 10 ml. of the sterile mineral salts solution. 

The spores were loosened and brought into suspension by agita¬ 
tion with a sterile pipette, then the suspension was poured into a 
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TABLE 3 

Action of Twelve Miscellaneous Fungi on Unsterilized Wool Challie 


OrRanisni 

Days im-u* 
bat ion 

Breaking 
strength, lbs. 

Amount of 
vi:’ual growth 
at end of test 

Uninociilated control 

6 

34 

0 


9 

23 

0 


12 

17 

0 

Aspergillus fumigatus 

6 

32 

0 

PQMD 6b 

0 

27 

0 


12 

21 

0 

Aspergillus niger 

6 

36 

0 

PQMD 45d 

Q 

27 

0 


12 

21 

0 

A sprr ^illus unguis 

6 

39 

0 

PQMD Sf 

9 

14 

0 


12 

11 

0 

Aspergillus ustus 

9 

37 

-f 

PQMD 4h 

9 

27 

-f 

12 

22 

+ 

Fusarium javanirus 

6 

31 

0 

PQMD 23d 

9 

21 

0 

12 

11 

0 

Fusarium maniliforme 

6 

37 

0 

42 Chem. 70d 

9 

33 

0 


12 

22 

0 

Fusarium sp. 

6 

32 

0 

PQMD 107 

9 

19 

0 

12 

9 

0 

Gliomaslix convoluta 

6 

33 

0 

PQMD 4c 

9 

16 

0 

12 

18 

0 

Microsporum gypseum 

6 

0 

4- 

PQMD 106 

9 

C) 

+-f 

_ 

0 

++ 

Stachybotrys atra 

6 

32 

0 

PQMD H5m 

9 

25 

0 

12 

18 

0 

Actinomycete 

6 

35 

-f 

PQMD JOS 

9 

32 

4* 

12 

15 

4- 

Memnoniella echinata 

6 

33 

0 

PQMD Ic 

9 

27 

0 

12 

18 

0 





210 


Mycologia, Vol. 42, 1950 


large sterile test tube containing enough sterile mineral salts solu¬ 
tion to make the total inoculum up to 35 ml. Two ml. of the sus¬ 
pension were then pipetted evenly over the upper portion of the 
strip, i.e., the portion which was not submerged in the nutrient 
solution. 

The results are presented in table 3. 

In all cases there was a putrid odor and cloudiness in the liquid by 
the period of the first harvest. In all except Microsporum (jypseum 
the results were much the same, f.c., there was steady and pro¬ 
nounced decrease in the tensile strength of the wool strips accom¬ 
panied hy no noteworthy growth of the fungi. There were no 
noteworthy differences between the sets that were used as controls 
and those inoculated. Microsporum gypsciim was in a category by 
itself with respect to rapidity of action and amount of visual growth 
produced. It is assumed that in all instances except the M. gyp- 
settm inoculation, the decline in strength was due to the action of 
bacterial contaminants. In conclusion, it may be said that under 
the conditions of this set of tests, wool, which had not been modified 
by steam heating, proved resistant to degradation by ten common 
molds and an Actinomycete but was decomposed readily by Micro¬ 
sporum gypsemn. 

Experiment 4. Action of twelve miscellaneous mold fungi on 
autoclaved as compared 7iith non-antoclavcd zvool charmeen (table 
4). 

wStrips of gray wool charmeen were raveled to exactly 3 X 1 
inches in size. They were dipped in 50 per cent ethyl alcohol, 
then washed 4 times in distilled water. This was mainly for the 
purpose of wetting them out. Three variations were introduced 
into the experiment as will be described further on. Petri dishes 
of standard 90 mm. size were prepared, each containing a layer of 
glass beads and 10 ml. of a mineral salts solution. The wool strips 
were placed two, side-by-side, in each dish. The amount of solu¬ 
tion used was sufficient to keep the cloth moist but not submerged. 
It had the following composition: NH 4 NOa, 3 g.; MgS 04 * 7 H 20 , 
2.22 g.; KH.,P 04 , 2.59 g.; K 2 HPO 4 , 2.21 g.; distilled water, 1000 
ml.; pH 6.5. With the exception of the controls, 1 ml. of a spore 



TABLE 4 

Action of Twelve Miscellaneous Molds on Xon-Autoclaved (A) as Compared with Autoclaved Wool 
Charmeen with (C) and without (B) Yeast Extract 
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suspension was distributed by pipette on each strip. The inoculum 
in each case was pre])ared from a 19-day-old culture of the organism 
on potato dextrose agar in a 250 ml. l^>lenmeyer flask. Sterile dis¬ 
tilled water was used to make the spore suspensions. Ti'e dishes 
were incubated in a high humidity chamber at about 85 F. 

For each organism tested 30 strips of wool were used. These 
were divided into 3 lots of 10 each as follows: (A) strips not auto¬ 
claved, (B) strips subjected, after wetting them, to standard auto¬ 
claving of 15 minutes at 15 pounds pressure prior to transferring 
under sterile conditions to the petri dishes, (C) strips autoclaved 
and yeast extract (0.01 per cent) added to the mineral .salts medium 
on which they were incubated. 

F'ollowing incubation, the strips were removed from the dishes, 
conditioned, and l)roken on the Scott tester as in the previous ex¬ 
periments. 

The results are presented in table 4. While all of the fungi tested 
attacked the autoclaved wool, only two, Microsporiim gypsum and 
Myrothccium verrucuria, degraded the non-autoclaved wool. Ad¬ 
dition of yeast extract was without significant eflPect except for 
MemnouicUa cchiiiata in whichca.se the degradation was accelerated 
slightly. In all cases where the wool was attacked, the pH in¬ 
creased, the increase in pH being a function of the extent of degra¬ 
dation. 

Experiment 5. Action of three fungi on autoclaved zcool (table 
5). 

Results of another ex])eriment carried out the .same as experi¬ 
ment 4, but employing only autoclaved wool without yeast extract 
being added, are shown in table 5. Although Oospora lactis, a 
strongly proteolytic organism, had no effect, the Penicilliuni and 
Syncephalastrum racemosum degraded the wool slowly. 

Experiment 6. Effect of Myrolhecimn verrucaria on autoclaved 
and non-autoclaved wool cloth (table 6). 

A previous experiment (number 4) had indicated that Myro- 
thecium verrucaria could degrade non-autoclaved wool to a slight 
extent. It was thought that complete degradation of the wool may 
have been prevented by the high pH of the cultur'^. solution after 
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growth had occurred, or from the accumulation of inhibitory waste 
products. To test this hypothesis a series of cultures was set up 
employing the same methods as those of experiment 4. Harvests 
were taken at 3, 6, 10 and 12 days after inoculation {M. verrucaria, 
USDA 1334.2) at which times the culture solution was removed 
by tipping the Petri dishes and sucking off the liquid with a glass 
tube connected to an aspirator. Ten ml. of fresh nutrient solu¬ 
tion (see experiment 4) were added to each remaining culture. 
Determinations of pH, using a glass electrode, were made by com¬ 
bining the solutions from the three Petri dishes harvested for each 


TABLE 5 

.Action of ThrisE Fungi on Autoclaved Wool 



Breaking strengtii retained 

pH 


Organism 

5 days 

8 days 



Notes 


-■ — 




5 days 

8 days 



lbs. 

Ketn 

lbs. 

Refn 




Oospora lactis 
JQMD 433 

42 

104 

38 

94 

6.45 

6.5 

No evidence of 
growth or germina¬ 
tion 

Penicillium sp. 
PQMD 229 

39 

96 

35 

86 

6.6 

6.6 

Some sporulation 
where chunks of in¬ 
oculum. 

Syncephalastrum 
racemosum 
PQMD 57a 

39 

96 

34 

1 

84 

6.5 

6.7 

Sparse m>’celium; 
abundant sjxirangia 

Control—not 
inocrulalcd 

40 

100 

41 

100 

6.4 

6.4 



of the two treatments at each harvest. Tt is evident from the re¬ 
sults (table 6) that the limited degradation of wool, resulting from 
the action of this fungus, is not due to the creation of an unfavorable 
reaction in the culture solution. The data leave some questions 
regarding the role of inhibitory waste products since it is possible 
that the solution held in the cloth strips by capillary action may 
have contained sufficient amounts to account for the results. It is 
not believed, however, that the observed limited degradation of the 
wool is due to this cause. Some other mechanism must obtain. 
In the processing of wool the fibers are subjected to brief exposure 
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to heat, alkali and acid. It is quite conceivable that the slight 
modification of the wool which undoubtedly results from such treat¬ 
ment enables Myrothecium verrucaria to grow’^ and that this organ¬ 
ism is incapable of attacking undamaged keratin. 

Myrothecium verrucaria is commonly isolated from the soil or 
is found sporulating on plant materials. It is, of course, well known 
as a strong degrader of cellulo.se under laboratory conditions. 
However, there are in the Herbarium of the U. S. Department of 
Agriculture at Reltsville two specimens which show it inhabiting 
and sporulating on old cow horn. Both collections are from 


TABLE 6 

EkI'KCT ok Myrothecium verrucaria on Aittoci.aved and 
Non-Autoclaved Wool Cloth 





Autoclaved 



Non-autoclaved 





Tensile 

1 



Tensile 


Time, 

days 

pH 1 

strengtli* 


pH 

strength* 




retained, lbs. 

% reten- 



retained, lbs. 

% reten- 






tion 





tion 






Inoculated 





Inoculated 


I HOC. 

Con¬ 

trol 

Inoc. j 

Cont. 


Inoc. 

Con¬ 

trol 

Inoc. 

Cont. 



7.4 

6.6.S 

30 

38 

74 

6.7 

6.55 

49 

57 

86 

6 

7.6 

6.55 

23 

42 

57 

6.65 

6.5 

44 

57 

77 

10 

7.35 

6.4 

16 

41 

39.5 

6.5 

6.35 

40 

57 

70 

12 

6.75 

6.35 

14.5 

— 

36 

6.25 

6.2 

39.5 

57 

69 


* Average value of 40 lbs. used for calculating % retention. 


Louisiana, one taken in 1888 and the other in 18*^^X3. One aj)- 
pears under the label M. roridmn and the other as M. sp. 

Experiment 7. Action of medical fungi and related forms on 
autoclaved and non-autoclaved wool charmeen (fig. 1). 

Strips of wool cloth (a gray wool charmeen, 70’s grade), X 
4", were wetted in 50% ethanol, rinsed 4 times in distilled water and 
placed in 25 X 200 mm. Pyrex test tubes. Half of the tubes were 
autoclaved (15 lbs. for 15 min.); the remaining tubes were not 
sterilized. Twenty-five ml. of sterile nutrient solution (see ex¬ 
periment 4) were added aseptically to the tubes. This volume of 
solution was sufficient to cover about one-half the length of the 
wool strips. The strips were inoculated in triplicate by drawing 
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a loopful of inoculum upward from the surface of the solution to 
the top of the strip. Spore suspensions for the inoculum had been 
prepared by adding sterile distilled water to cultures grown in 


DRY WEIGHT OF MYCELIUM IN MGM. 
20 30 40 50 60 
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test tubes on potato dextrose agar for 6 weeks at about 30° C. At 
the end of the incubation period the l^etri dishes and their contents 
were subjected to autoclaving to kill the organism. The nutrient 
solution was then decanted off and the wool plus mycelium washed 
with 0.1 N HCl and distilled water to remove any phosphate pre¬ 
cipitate. The contents of the three replicate tubes were then com¬ 
bined, the excess water decanted off and about SO ml. of boiling 
10% NaOH added to dissolve the wool. After cooling, about 60 
ml. of distilled water were added and the mycelial residue was 
filtered off in previously weighed, fritted glass crucibles of medium 
porosity. The crucibles were then dried overnight at 105° C. and 
weighed. 

The results are presented in figure 1. 

The following conclusions may be drawn: 

1. Growth of the fungi used varied from luxuriant to little or no 
growth on both autoclaved and non-autoclavcd wool. The dry 
weight data, show similar continuous variation. Thus the differ¬ 
ences between the various isolates used are entirely of a quantitative 
nature, no sharp qualitative differences being observed. 

2. Growth on autoclaved wool was greater than that on non- 
autoclaved wool in all cases where significant growth occurred. 
No constant relation was found, however, between the two values. 

3. With respect to the keratinolytic “activity” of the isolates 
tested, only certain members of the genera Microsporum and 
Trichophyton showed significant ability to degrade wool. 

ctenomyces-like fungi on woolen fabrics 

Worthy of brief comment at this point is a group of seven isolates 
having the general morphology of the conidial stage of Ctenomyces. 
All except one of these were obtained from woolen fabrics. 

Preliminary work suggests that on the basis of gross colony char¬ 
acteristics correlated with the shape of the conidia the cultures may 
be segregated into three groups, viz.: 

Group A, (Figs. 2-4) 

JQMD 1087. Isolated 14 July 1945 from a woolen overcoat 
from Guadalcanal. 
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JQMD 1277, Isolated 21 February 1946 from a woolen over¬ 
coat from Guadalcanal (fig. 2). 

PQMD 199, Isolated 5 July 1946 as a contaminant on a strip 
of gray wool challie that had been inoculated with another organ¬ 
ism (fig. 3). 

PQMD 208, Isolated 22 November 1946 as contaminant on 
strip of gray wool challie that had been inoculated with another 
organism (fig. 4). 

Group B, (Fig. 5) 

PQMD 287. Isolated from deteriorated wool serge exposed 
experimentally in a ‘'tropical'' room at the llritish Ordnance Lal)- 
oratory, Cawnpore, India; culture and sample received at Phila¬ 
delphia in May 1947. 


Group C, (Figs. 6-7) 

JQMD 1070. Isolated 26 June 1945 from a sample of deteri¬ 
orated tent top from Oro Bay, New Guinea (fig. 7). 

JQMD 1282, Isolated 1 March 1946 from wool serge from 
Guadalcanal (fig. 6). 

Whether the cultures represent one species or three cannot be 
determined from the information now available. The photographs 
in figures 2-6 are of the organisms grown in parallel series for IS 
days under room conditions on Bacto Difco potato dextrose agar, 
2% dextrose, 35 cc. of the medium in standard 90 mm. Petri dishes. 
The colonies are white and show about the same growth rate. 
It is obvious from the figures (2-4) that JQMD 1277, PQMD 199, 
and PQMD 208 represent one species. The colonies have thin 
margins and show a tendency for the aerial mycelium of the central 
areas to sink and become water-soaked. The conidia are obovoid 
with obtuse, rounded apices. PQMD 287 (fig. 5) shows a heavier 
growth, abrupt margin, no water-soaked appearance in center. 
The conidia are more broadly obovoid, nearly globose. In JQMD 
1282 (fig. 6) the colony is striate, and of wholly different texture 
from the others. The conidia tend to be relatively elongate with 
the apices pointed. The photomicrograph of JQMD 1070 (fig. 7) 
was taken in a different laboratory from the others and probably 
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Figs. 2 - 7 . Ctenomyces-Ukc funj 
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under another set of conditions of culture and staining, but it does 
show clearly the elongate spores corresponding with those of 
figure 6. 

The evidence that these fungi are of significance in wool deteri¬ 
oration is more or less circumstantial. All of the cultures were iso¬ 
lated from wool except one. In the case of those originating at 
the Jeffersonville Laboratory (JQMD) the fabric from which they 
came was not seen by the writers. In the PQMD series, however, 
the organism was, in each instance, found growing and sporulating 
on the material. PQMD 199 appeared on a strip of gray wool 
challie that had been immersed in Stoddard Solvent for 10 minutes, 
was then placed on glass beads in contact with a mineral salts solu¬ 
tion, and inoculated with another organism that failed to make ap¬ 
preciable growth. In a preliminary test employing autoclaved gray 
wool challie it caused a more rapid decline in tensile strength than 
did Microsporiiim gypseum, PQMD 196. Culture PQMD 208 
was obtained under similar conditions to those of 1^9 but was on 
several strips of unsterilized and uninoculated experimental control 
material. Culture PQMD 287 was received for identification 
from the British Ordnance Laboratory, Cawnpore, India (their 
number D-381), accompanied by a sample of olive drab woolen 
fabric from which it had been isolated and on which it was present 
in good sporulating condition. It was indicated as having come 
from a wool serge coat exposed in a “tropical chamber” for test 
purposes. The letter of communication (from Dr. T. S. Subra- 
manian) referred to it as a wool destroying fungus capable of dis¬ 
integrating wool fiber completely in the course of a month. 

The suggestion that these fungi might have perfect stages in 
Ctenomyces was made by Dr. C. W. Emmons who examined cul¬ 
tures PQMD 199 and 287. They have been discussed here be¬ 
cause as conidial stages of Ctenomyces or some closely related 
Gymnoascaceous genus they tie in with such genera as Micro- 
sporum and Trichophyton which are also of presumed Gymnoasca¬ 
ceous derivation. It is among such forms as these, as distinct 
from the great array of common saprophytic molds, that the real 
degraders of unmodified wool are to be found. 
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CONCLUSIONS 

1. As woolen fabrics are placed on the market—^perhaps with 
the fiber slightly but not seriously modified by prior processing— 
they are less subject to fungous attack in storage and use than 
are cotton fabrics. 

2. The species of fungi which attack woolen textiles are rela¬ 
tively very few as compared with the range of forms which attack 
cotton materials. 

3. A certain few species of fungi are capable of degrading wool¬ 
ens with a rapidity comparable to the action of the stronger cellu¬ 
lose-destroyers against cotton materials. 

4. The fungi that are capable of such activity are commonly 
found in the conidial stage only, are of similar morphology, be¬ 
long among, or are closely allied with, the ringworm or skin dis¬ 
ease fungi known as dermatophytes, and are probably of Gymno- 
ascaceous derivation. 

5. Despite certain reports that are seemingly to the contrary, 
laboratory tests and field observations by the present writers indi¬ 
cate that the common molds of industrial and military materials do 
not, as a rule at least, attack wool. 

6. Woolen fabrics are modified by standard steam sterilization 
(autoclaving) in such a way as to render them, in lal^oratory tests, 
subject to attack by a wide range of common molds. 

7. There is no clear qualitative distinction between those fungi 
which degrade either or both modified and non-modified wool and 
those which do not. 

8. Degradation is accompanied by an increase in pH, the in¬ 
crease being roughly proportional to the extent of degradation. 

9. Woolen fabrics when subjected to the common soil burial 
tests, where bacterial action is probably of major importance, de¬ 
cay as readily as cotton fabrics subjected to similar conditions. 
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DESCRIPTION OF FIGURES 

Figs. 2-7. Ctenomyces-like fungi. 2, JQMD 1277 ; 3, PQMD 199; 4, 
PQMD 208; 5, PQMD 287; 6, JQMD 1282; 7, JQMD 1070. All except 7 
grown on Bacto Difeo potato dextrose agar (2% dextrose) under room con¬ 
ditions for 18 days, the microscopic stages mounted in KOH-phloxine; growth 
conditions and mounting medium for 7 unknown. Colonies X approx. Va, 
photomicrographs X 1000. (Colony photos by Photographic Dep’t, Phila. 
Q. M. Depot; photomicrographs 2-6 by Mary Downing, Phila. Q. M. Depot; 
figure 7 courtesy Biol. Lab., Jeffersonville Q. M. Depot.) For discussion 
see text. 



SOME NOTEWORTHY RUSTS. Ill * 

M. J. Thirumalachar 
(with 8 FIGURKS) 

Hapalophragmium mysorense sp. nov. 

Pycnia aniphigena, subcuticularia, conoidea, applanata, absque ostiolaribus, 
paraphysibus, evoluta super infectionis maculas hypertrophitas, 2-10 mm. 
diam. Aecia uredinoidea, amphigena, evoluta, circum pycnia, erumpentia 
atque pulverulenta, paraphysata; aeciosporae similes urediosporis, 24-28 X 
20-24/4. 

Uredia subepidermalia, hypopliylla, erumpentia, paraphysata; paraphyses 
peripherales, tenuiter incurvatae, atque extus projectae, 54-70 X 8-9 m; uredio- 
sporae pedicellatae, evolutae singillatim, luteo-brunncae, ovato-oblongae, 24- 
28x20-24/4; parietes 1.5 m crassi, ornati 2-3 germinationis poris equato- 
rialibus, dense echinulati. Telia absque urediis; teliosporac pedicellatae, 
3-cellulatae, luteo-brunneae, cellula impari terminali; apice obconico atque 
protrudenti, ornato germinationis poro in singulis cellulis, 39-54 X 28-40 /4, 
parietes laeves, sed minutissimis tuberculis ornati prope germinationis porum; 
pediculis hyalinus deciduus. 

In foliis Dcrris Bcnthamii. 

Pycnia amphigenous, subcuticular, conoid, applanatc, without 
conspicuous ostiolar paraphyses, developed on hypertrophied infec¬ 
tion spots, 2-10 mm. in diameter. Aecia uredinoid, amphigenous, 
developed surrounding the pycnia, subepidermal, erumpent and 
pulverulent, paraphysate; aeciospores resembling the urediospores, 
24-28 X 20-24/4. 

Uredia subepidermal, hypophyllous, erumpent, paraphysate; 
paraphyses peripheral, slightly incurved, and projecting out, 54-70 
X 8-9 /4; urediospores pedicellate, developed singly, yellowish 
brown, ovate-oblong, 24-28 x 20-24/4, wall up to 1.5/4 thick, 
with 2. to 3 equatorial germ pores, closely echinulate. Telia de¬ 
veloped within uredia, teliospores pedicellate, three-celled, yel¬ 
lowish brown, odd cell terminal, apex obconical and protruding, 
with an apical germ pore in each cell, measuring 34—54 X 28-40 /4; 
wall smooth but with warts at the region of the germ pore; pedicel 
hyaline, deciduous. 

Hab. on leaves of Derris Benthamii Thw., Kemmangundi, My¬ 
sore, 27-4-1949, leg M. J. Thirumalachar (Type), type deposited 

♦ Part I published in Mycologia 37: 295-310, 1945; Part II, Mycologia 39: 
231-248, 1947. 
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in Arthur Herbarium, Purdue University, Lafayette, Indiana, 
U. S. A.; in Herb. C. M. 1. Kew, England, and in Herb. Crypt. 
Ind. Orient., New Delhi, India (figs. 1-4). 

There are four other species of Hapalophragmium recorded on 
species of Derris with which the present species has to be compared. 
All the four known species are closely related to each other and 
show overlapping of characters. Their important characters are 
summarized below: 


Species 

Host 

Urcdio- 

spore 

Telio- 

spore 

Wart in the 
germ pore of 
teliospores 

H. Derridis Syd. 

D, uliginosa 

27-36 X 
19-25 M 

38-58 X 
27-38 M 

Not known 

H. annamalaiensis 

Ramakrishnan T.S. & K. 

D. eualata 

24-38 X 
19 -27 M 

35-58 X 
17-'34/i 

Absent 

H, setulosum Fat, 

D. sp. 

18-20 X 
15-18 M 

35 44 X 
32-36 M 

Present 

H. pidchrum (Racib.) 

Syd. 

i 

D. elliptica 

20-22 X 

18-20 M 

36-42 X 
40 m 

Present 

H. mysorense Thiruni. 

D. Benihamii 

24-28 X 
20-24 M 

39-54 X 
28-40 M 

Present 


It is apparent that the species of Hapalophragmium on Derris 
are closely related and show intergrading of characters. H. my- 
sorense differs from H. setiilosum and H. pulchrmn (which also 
possess warts near the germ pores) in the size of the uredio- and 
teliospores. 

Subcuticular pycnia and subepidermal uredinoid aecia have been 
observed in //. my sorense, H, Derridis Syd. which is the type of 
the genus Hapalophragmium, founded by the Sydows (1901), has 
been pointed out to show close relationship to other species of 
Hapalophragmium on Derris including H, mysorense. The find¬ 
ing of the pycnial and aecial stage for H, mysorense may be taken as 
representing the condition present in the genus Hapalop-hragmium. 

The gall-forming rust Hapalophragmium ponderosum has been 
described by Sydow & Butler (1912) from India. Only the telial 
stage was first described, but later Thirumalachar (1941) noted 
the occurrence of subepidermal pycnia for the rust. This is in 
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contrast to the subcuticular condition just described for Hapalo- 
phragmium and constitutes a different type of sorus structure. 
The rust therefore belongs to a separate but closely related genus, 
and the writer proposes the name Hapalophragmiopsis for its 
accommodation. 

Hapalophragmiopsis gen. nov. 

Pycnia subepidermalia, conoidca, absque conspicuis paraphysibus ostiolari- 
bus. Aecia atque urcdia incognita. Telia subepidermalia, erumpentia, apara- 
physata; tcliosporae i)edicellatae, 3-cellulatae, spora impari terminali ut in 
Hapalophragmio, luteo-brunneae, singulis teliosporae unico gcrminationis poro 
ornatis; pediculus hyalinus et deciduus. 

Species typica: Hapalophraymiopsis ponderosnm (Syd. & Butler) Thiru- 
malachar (fig. 8, A to D). 

Pycnia subepidermal, conoid, without conspicuous ostiolar para- 
physes. Aecia and uredia unknown. Telia subepidermal, erum- 
pent, aparaphysate; teliospores pedicellate, 3-celled, odd spore 
terminal as in Hapalophragmimn, yellowish brown, with a single 
germ pore in each cell of the teliospore; pedicel hyaline, deciduous. 

Type species: Hapalophragmiopsis ponderosnm (Syd. & Butler) 
Thirumalachar on Acacia leucophloea Willd. 

H, ponderosnm causes the production of large gall formations 
and imparts a striking appearance to Acacia leucophloea, a medium¬ 
sized tree in India (fig. 8, A). The galls are produced as a re¬ 
sult of infection of the peduncles of the inflorescence and also young 
fruits. An account of the teliospore germination and pathological 
histology of the gall was given by Thirumalachar (1941). //. 
Acaciae Baccarini is also a gall-forming rust on Acacia sp. in 
Somaliland, Africa. It is reported to resemble //. ponderosnm 
closely. This rust may prove to be a species of Hapalophragmiopsis 
when its pycnial stage is discovered. 

On Scopfxla echinulata (Niessl) Mains. 

The genus Scopella was established by Mains (1939) based on 
S. echinulata parasitic on Bassia latifolia in India. Subcuticular 
pycnia, and subepidermal uredia and telia were described, the telio¬ 
spores being pedicellate, thin-walled and germinating immediately 
at maturity. The clustering of the urediospores and teliospores on 
laterally free sporogenous basal cells was noticed by Mains, who 
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was inclined to adduce much generic importance to such a mode of 
development. He did not observe the stages of teliospore germina¬ 
tion since the spores had collapsed in the herbarium material. 

The same rust species has been collected by the writer near 
Bangalore, Mysore, on Rassia latifolia and R, Rourdilli which is 
a new host species. The telia are formed in abundance in the 
months of December and January and the teliospores germinate 
immediately intra-sorum. 

During the early stages of germination, the tip of the teliospore 
prolongates into a bud-like structure. There is no promycelium 
typical of other rusts having four-celled external promycelia. 
In contrast, the cylindric bud-like structure, into which the con¬ 
tents of the teliospore migrate, may become 1-septate and get 
separated off (fig. S). Further division takes place in this ab¬ 
breviated promycelium, usually ])rior to their separation, and re¬ 
sults in the formation of four cells. These are arranged in a linear 
row of four cells (fig. 6) or, as in several instances, become dis¬ 
posed in a tetrahedral manner due to the plane of divisions (fig. 7). 
No sterigmata have been observed and the promycelial cells round 
off into sporidia. 

The tetrahedral disposition of the promycelial cells and their 
rounding off into sporidia is an interesting feature unknown so 
far among rust species that have been investigated. In Coleo- 
sporium pulsatillae, Weir (1912) found that during teliospore 
germination two intersecting vertical septatioiis took place re¬ 
sulting in a basidium characteristic of the Tremellaceae. 

Inoculation experiments have been carried out using the sporidia 
(scraped from mature sori), on young leaves of Rassia latifolia 
maintained in moist chambers for 48 hours. The inoculation ex¬ 
periments confirmed the autoecious nature of the rust, the pycnia 
developing on hypertrophied spots after 15 days. Mature pvenia 
are subcuticular, conoid, applanate, without conspicuous ostiolar 
paraphyses. 

Further studies on such infection spots produced naturally 
showed the development of uredinoid aecia (primary uredia) ac¬ 
companying the pycnia. These are subepidermal and without 
peridium or paraphyses. The aeciospores are identical with the 
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urecliospores and borne similarly on clustered pedicels, thus con¬ 
forming to the fasciculate type of development described by Kuhn- 
holtz-Lordat (1943). The uredia (secondary uredia) that fol¬ 
low are hypophyllous and produced on small non-hypertrophied 
infection spots. The telia are associated with the uredia in early 
stages and later completely replace them. 

The occurrence of uredinoid aecia in the life-cycle of the rust 
v^as overlooked by Mains who had access only to herbarium ma¬ 
terial. The aecia were described as being unknown for the genus. 
A reexamination of Scopella gentilis (Syd.) Mundkur & Thiru- 
malachar and S. auHctis (Syd.) Mundkur & Thirumalachar (1949), 
occurring on species of Mimusops in India, has shown the occur¬ 
rence of uredinoid aecia accompanying the pycnia. 

Uromyces leptodermus Syd. in Ann. Mycol. 4: 430. 1906. 

Monogr. Ured. 2: 334. 1910; Butler & Bisby, Sci. Monogr. No. 1, 

Counc. Agr. Res. India, p. 82, 1930. 

Syn. Uredo Isachncs Syd. Ann. Mycol. 4: 444. 1906. 

U, Panici-pro strati Syd. Ann. Mycol. 4 : 444. 1906. 

Nigredo leptoderma Arth. North Amer, FI. 7: 224. 1912. 

Hab. On the leaves of Brachiaria distachya Stapf, Bangalore, 
6-12-1946, leg. M. J. Thirumalachar; on Cyrtococciim trigonmn, 
Yeshwantpur, Bangalore. 8-12-1945, leg. M. J. Thirumalachar. 

Uredo Callicarpae Fetch, in Ann. Roy. Bot. Gard. Peradeniya 
V, Part IV, p. 251, 1912; Monogr. Ured, IV, p. 420-421, 1924. 

Hab. On the leaves of Callicarpa lanata Linn., Keminangundi, 
Mysore, 26-4-1949, leg. M. J. Thirumalachar. 

Uredo Carissae sp. nov. 

Uredia hypophylla, minuta, subepidermalia, primo sori evoluti supra epi- 
dermidem, et apparenter superficialis, paraphysata; paraphyses cylindricae, 
incurvatac formantes operculum nido similem 46-60 X 9-10 m ; urediosporac 
pedicellatae, oblongo-ellipsoideae, materiam aurantiaco-luteum continentes, 
germinationis poris indistinctis; episporium minute et dense verruculosum ; 
sporae dimetientes 26-34 X 20-24 

Habitat in foliis Carissae sp., Kemmangundi, Mysore, 26-4-1949, leg. 
M. J. Thirumalachar. 

Uredia hypophyllous, minute, subepidermal at first, sori formed 
above the epidermis and thus appearing superficial, paraphysate; 
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paraphyses cylindric, incurved, forming a nest-like covering 46-60 
X 9-10^. Urediospores pedicellate, oldong-ellipsoid, with orange- 
yellow contents; epispore minutely and densely verruculose, with 
distinct germ pores. Spores measuring 26-34 X 20-24 a. 

On the leaves of Carissa sp., Kemmangundi, Mysore, 26-4-1940, 
leg. M. J. Thirumalachar. Type deposited in Arthur Herbarium, 
Purdue University, Lafayette, Indiana, U. S. A., Herb. C.M.I., 
Kew, l^higland, and in Herb. Crypt. Ind. Orient, New Delhi, 
India. 

Aecidium Parami(;nyae Racih. in Hull. TAcad. des Sc. de 
Cracovie, Cl. des Sc. math, et nat. fevrier, p. 277, 1900. 

Hab. On leaves of Paramiynya sp., Halehonnur, Mysore, 
4-3-1942, leg. M. J. Thirumalachar, 10-8-1944, leg. K. S. Copala- 
krishna. 


Pycnia and aecia are present in the material. The aeciosporcs 
measure 18-25 X 16-18.5/a, and the peridial cells are thick-walled, 
23-35 X 18-21 /A. Aecidium Petchii Sacc. iK: Tiott. is re])orted 
from Ceylon im ParamUjnya monophylla, and the Sydows (1924) 
consider that it is probably identical with .i. Paramiynyac Racih. 

In conclusion the writer wishes to express his gratitude to Dr. 
George H. Cummins, Arthur Herbarium, Purdue University, 
Lafayette, Indiana, for kindly going through the manuscri])t and 
for giving the benebt of valuable suggestions, and to Rev. Father 
Dr. H. Santapau, Professor of Botany, St. Xavier’s College, Bom¬ 
bay, for kindly translating the diagnosis of the new genus and spe¬ 
cies into latin. 


Mali.f.swaram, Ranc.alork, 
India 
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DESCRIPTION OF FIGURES 

Fic;s. 1-4, Hapalophraymiuvi mysorcnsc: Fig. 1. Pycniutn, X 400; Fig. 2. 
Uredinoid aeciiim, X 400; Fig. 3. Urediospores, X 950; Fig. 4. Tcliospores, 
X800. 

Figs. 5-7, Scopclla echinulata: Fig. 5. Germination stages of the telio- 
spore, X 1000; Fig. 6. Showing the linear arrangement of the promycelial 
cells, X 1000; Fig. 7. Tetrahedral disposition and rounding off of the pro¬ 
mycelial cells, X 1000. 

Fig. 8, A-D, Ilapalophragmiopsis pondcrosum: A, Infected tree of Acacia 
leucophloca ; B, Developmental stages of the rust galls, X nat. size; C, Suh- 
epidermal pycnium, X 400; D, Section through telium, X 400. 



THE NUTRITION OF MONOSPORIUM 
APIOSPERMUM 


J'^RKDERicK T. Wolf, Robert R. Bryden and John A. MacI.aren 
(with 1 figure) 

INTRODIJUTION 

The disease of man known as maduromycosis, Madura foot, or 
mycetoma, is due to any one of a numlier of organisms included 
among both the actinomycetes and the filamentous fungi. Within 
the continental United States, the most frequent etiologic agent is 
Monos port It ni apiospcrmitin. 

Boyd and Crutchfield (1921) isolated from a case of tnaduro- 
mycosis an ascomycetous fungus which was described by Shear 
(1922) as Alleschcria Boydii, In a Canadian strain of M, apio~ 
spcrmniu, Emmons (1944) demonstrated the production of perithe- 
cia and ascospores similar to those of A, Boydii, thus proving that 
Monosporiitni apiospermum is the conidial stage of Alleschcria 
Boydii, The name M. apiospermum is commonly retained, how¬ 
ever, for those isolates in which the production of the .dllcschcria 
stage has not been observed. 

Little information is available concerning the jdiysiology of this 
pathogen. Boyd and Crutchfield (1921; noted that it could 
readily be grown in liquid media, and that a number of carbohy¬ 
drates, including mannitol, galactose, xylose, rhaiiinose, mannose, 
lactose, sucrose, maltose and dextrose, were not fermentatively at¬ 
tacked. Benham and Ckorg (1948) have recently investigated 
the conditions necessary for the production of the perithecial stage 
in culture, concluding that UiCdia rich in organic nitrogen are fa¬ 
vorable for formation of conidia hut adversely afTect j)erithecial 
p^duction. These workers cultivated M. apiospermum upon a 
synthetic medium of dextro.se agar containing 0.2 per cent aspara¬ 
gine as the only nitrogen source. Thus, the fungus is autotrophic 
insofar as its requirement for growth factors (vitamins, amino acids, 
purines and pyrimidines) is concerned. 

233 
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In connection with observations on various fungi, it was noted 
that a culture of Monosporiitm apiospcrmum obtained from Dr. 
N. F. Conant, Department of Bacteriology, Duke University School 
of Medicine, grew nicely upon a Czapek’s solution of the following 
composition: NaNOj,, 3.0 gm.; 1.0 gm.; KCl, 0.5 gm.; 

MgS 04 , gm.; FeCl.^, trace; and sucrose, 30 gm. per liter. It 
w^as therefore decided to examine certain phases of its nutrition in 
greater detail. 

KESUI.TS 

Carbon Sources: The utilization of^^a^jmmber of carbohydrates, 
alcohols, amino acids and other organic acids as sources of carbon 
for Monosporium apiospcrmum was studied using Czapek’s solution 
prepared with the omission of sucrose. To this basal solution were 

r 

TABLE 1 

Growth of Monosporium apiospermum in Czapek’s BasaL Solution (Minus 
Sucrose) Containing Various Sugars, Alcohols, and Organic 
Acids as Carbon Sources 


Substrate 

Amount of 
growth 

1 

Substrate 

! Amount ol 
growth 

Control (no carbon) 

0 

Ethanol 

+ + 

Xylose 

/-f-f-f-T 

Glycerol 

4- 4- 

Arahinose 

+ 4" 

Adonitol 

+ + + 

K ham nose 


Dulcitol 

+ + + 

Glucose 

L + + 4- 

Inositol 1 

0 

Levulose * y 

+ 4-4-4- 

Sorbitol 

0 

Galactose 

+ + + 

Mannitol 

0 

Mannose 

+ + + 



Sorbose 

0 



Sucrose 

+ + + 

Acetic acid 

1 + + 

Maltose 

+ + 

Malonic acid 

1 "f 

Lactose 

4- 

Succinic acid 

++ 

Cellobiose 

+ + 

Fumaric acid 

+ 

Melibiose 

+ + 

Malic acid 

+ 

Trehalose ^ ^ 

/4- + + + 

Aconitic acid 

+ 

Raffinose 

+ + 

Alpha keto Glutaric acid 

4- 

Melezitose 

4" 4- 

'lartaric acid 

+ + 

Dextrin 

+ + + 

Citric acid 

+ + 

Soluble starch 

+ + + 




added singly various carbon sources, each in an amount providing 
400 mg. of carbon per 100 ml. of medium. Differences in the per¬ 
centage of carbon among the various substrates were thus taken 
into account. Cultures were grown in 125 ml. Erlenmeyer flasks 
containing 50 ml. of solution, adjusted to an initial pH of 5.0. 
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Observations as to relative amounts of growth were made after 
two weeks at room temperature. The results are presented in 
tables 1 and 2 . 

It is apparent that M. apiospcrininn is able to utilize a wide va¬ 
riety of compounds as sources of carbon. In general certain of 
the sugars and amino acids are superior to the alcohols and di- 
carboxylic acids as carbon sources. Xylose. Icvulose and treha¬ 
lose, among the sugars, and alanine, isoleucine and arginine among 
the amino acids j)roved to be the most favorable carbon sources. 
The organism is apparently unable to attack rhamnose, sorbose, 
inositol, sorbitol, or mannitol, nor can it utilize cystine, methionine, 
or histidineTICl as a source of carbon. 

rABLE 2 

Growth ok Monosporium apiospermuni ix Czapkk’s Basal Solution 
(Minus Suoar) Containino X arkh^s Amino Acids 
AS Carbon .Sources 


Substrate 

Amount of 
growth 

Substrate 

Amount of 
growtli 

Glycine . 
i//-AIanine 

-h 

/-.Arginine-HCl 

4-4-4-4- 


/-Lvsine-HCI 

4“ 

beta-Alanine 

4- + 

/-Aspartic acid 

4- + 

^//-Serine 

-f--h + 

/-Asparagine 

++ 

<//-'rhreonine 

-f 

/-Glutamic acid ^ 

4-4-4- 

t//-Valine 

-h-h-h 

/-T>Tosine 

4-4-4- 

/-Leucine 

4“ 4- 

///-Phenylalanine 

4- + 

(//-Isoleucine 

4 - 

/-Tryptophane 

+ 4-4- 

/-Cystine ^ 

-0 

/-Ornithine 

-f- -i- 

///-Methionine - 

0 

/-Proline 

+ + + 

/-Cysteine - HCl 
/-Histidine-HCl 

4" 

0 

/-Hydroxyproline 

+ 


Nitrogen Sources: Ivxperiinents to test the suiu'ibility of various 
amino acids as sources of nitrogen for M. apiospermunt were con¬ 
ducted using a technique analogous to that employed in the exj^eri- 
ments with carbon sources. In this case, however, Czapek’s me¬ 
dium was modified by omission of NaNO.., and the various amino 
acids were added in quantities providing 50 mg. of nitrogen per 
100 ml. Controls were provided containing NaXO,^ or (NH 4 )o- 
SO 4 . The pH was adjusted to 5.0, and the results obtained after 
two. weeks growth are presented in table 3. 

It is apparent that each of the 23 amino acids tested is able to 
serve as a nitrogen source for M. apiospermmn, glycine, valine, 
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f^Iiitainic acid and tryptophane being most satisfactory for growth 
of the fungus. Comparison of tables 2 and 3 indicates no correla¬ 
tion between the suitability of a given amino acid as a source of 
carbon and the suitability of the same compound as a source of ni¬ 
trogen. M, apiospennum is able to utilize both organic (amino) 
nitrogen and inorganic nitrogen, the latter either as nitrate or am¬ 
monium. 

Growth in Relation to pH: For studies of the influence of pH on 
growth of Monosporimn apiospennum, Czapek’s solution was pre¬ 
pared, lacking phos])hate, which was supplied by means of Mcll- 

FABLE 3 


Growth of Monosporium apiospermum in Czapek’s Basal Solution 
(Minus NaNOa) Containing Various Amino Acids, NaNOa 
OR (NH4)2S04 as Nitrogen Sources 


Substrate 

Amount of 
growth 

Substrate 

Amount of 
growth 

Glycine 

-f-f+ 4- 

/-Lysine-HCl 

4 4 

{^/-Alanine 

4 + 4- 

/-Aspartic acid 

+ 4 + 

bela-Alanine 

4 

/-Asparagine 

1 4 + 4 

<i/-Serinc 

44 

/-Glutamic acid 

4 + 44 

(//-'Phreonine 

4 

/-Tynxsine 

4 + 

(//-Valine 

4 + 4 + 

(//-Phenylalanine 

4 +• 

/-Leucine 

4 + 4 

/-Tryptophane 

44 + 4 

(//-Isoleucine 

+ 4 

/-Ornithine 

44 

/-Cystine 

4 

/-Proline 

4 + 

(//-Methionine 

4 + 4 

/-Hydroxyproline 

4 

/-Cysteine HCl 

4 

NaNOa 

■ 44 + 4 

/-Histidine-HCl 

+ 4 + 

(NH4)oS04 

4 + 4 

/-Arginine-H Cl 

+ 4 



vaine’s citric acid-NaoHPO^ buffers, covering the range of pH 
2.2-8.0 at intervals of 0.4-0.6 pH unit. Each flask was prepared 
to contain 20 ml. of the proper buffer mixture (0.1 M citric acid 
and 0.2 M Na 2 HP 04 ) plus the ingredients (minus phosphate) for 
50 ml. of Czapek’s solution dissolved in 30 ml. The pH of each 
mixture was checked colorimetrically and the buffer concentration 
was found to be satisfactory. The cultures were observed after 
growth for two weeks at room tem|)erature. 

No growth occurred at pH 3.0 or below. Growth occurred in 
all instances at pH 3.6 and above, increasing to a maximum at pH 
7.0-7.6 and declining somewhat at pH 8.0. 

To establish the alkaline limit for growth, additional experiments 
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were performed. Because the buffers customarily used in the pH 
range 8.0-12.0 contain ingredients such as borate or phthalate 
which might have effects on fungus growth other than those due 
primarily to pH, it was decided to employ unbuffered Czapek’s 
solution adjusted to various pH values with concentrated NaOH, 


35i 



Fig. 1. MonospoHutH apiospe^tfiuftt. Growth in relation to tempo! .iture. 

and checked by the glass electrode. These experiments indicated 
that M, apiospermum is able to grow up to pH 10.8, but not at pH 
11.2 or beyond. 

It is evident, therefore, that M. apiospermum can tolerate a very 
wide range of hydrogen ion concentrations, namely pH 3.6-10.8, 
with optimal growth on Czapek’s medium at pH 7.0-7.6, which 
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approximates the pH encountered in its parasitic existence in 
tissues. 

Growth in Relation to Temperature: Studies of the relation of 
tem])erature to growth of M. apiospermum were performed using 
plates of Czapek’s solution solidified by the addition of 2% agar 
Plates were inoculated, and held at temperatures of 15*^, 20°, 25°. 
30®, 35°, 40° and 45° C. for one week, at which time the colony 
diatneters were measured. The results are presented in figure 1. 

No growth occurred at 15° or at 45° C. The minimal tempera¬ 
ture for growth is therefore between 15 and 20° C. and the maxi> 
mum between 40 and 45° C. The optimum is close to 30°, some¬ 
what below Ijody temperature. 

DISCUSSION 

The fact that M. apiospermum is autotrophic with respect to its 
requirements for growth factors is at variance with findings in a 
number of other fungi pathogenic to man, which have been shown 
to be deficient for one or more vitamins (Hurkholder and Moyer, 
1943; Nickerson and Williams, 1947). The present findings re¬ 
garding the carbon nutrition of Monosporium apiospermum may 
be compared with those of Baker and Smith (1942) on Coccidioides 
immitis, a pathogenic fungus which has been carefully studied from 
this standpoint. Of 46 carbon compounds employed by these 
workers, excellent growth (-1- + + + ) was obtained with glucose, 
fructose, mannose, galactose, maltose, cellobiose, trehalose, starch, 
dextrin, inulin, salicin, amygdalin, ethanol, glycerol, erythritol, 
mannitol, sorbitol, acetate, succinate, lactate and pyruvate. C. im- 
mitis does not utilize arabinose. sucrose, lactose, melezitose, inositol, 
tartrate or citrate, all of which with the excejition of inositol are 
utilized by M. apiospermum. Interesting comparisons may also 
be made with Aspergillus oryzae, whose reactions toward 123 dif¬ 
ferent carbon compounds has been studied by Tamiya (1932). 

The unexpectedly good grow^th of M. apiospermum on the pentose 
sugar xylose is of particular interest. M. apiospermum has not been 
found in nature apart from clinical infections, known to be acquired 
from some exogenous source. The present finding indicates that 
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it may exist as a saprophyte in nature upon woody substrata or 
other plant material. 

Little attention has been devoted to amino acids as sources of 
carbon for fungi. Fusarhnn oxysporum var. lycopcrsici and PcnF 
cillium roquejortii have recently been examined from this view- 
])oint by Gottlieb (1946), who obtained grow’th of both fungi with 
each of 21 amino acids tested, except for cysteine*HCl, cystine, 
methionine, and tyrosine. M. apiospcriniun is apparently unable 
to utilize cystine, methionine, or histidine-HCl as a carbon source 
but grows to a slight extent on cysteine-HCl, and well upon tyro¬ 
sine. An important factor neglected in the present experiments 
was the possibility of effects upon growth due to the different iso¬ 
mers of an amino acid, since some of the amino acids used were 
the naturally occurring isomer and others were racemic mixtures. 

An interesting feature of the experiments dealing with nitrogen 
sources was the finding that M. apiospennum- is able to utilize each 
of the 23 amino acids tested as a nitrogen source, while several of 
these compounds, as noted above, were unavailable to the organism 
as sources of carbon. The ability to utilize inorganic as well as 
organic nitrogen would place M. apiospenmtni in (iroup II of the 
classification of Robbins (1937). Among the pathogenic fungi, 
the normal form of Tricliophyfofi meutaqrophytes requires organic 
nitrogen, although pleomorphic strains can utilize ammonium but 
not nitrate nitrogen (Robbins and Ma, 1945). According to Baker 
and Smith (1942), Coccidioidcs iuunitis is, like M. apiospennum, 
non-exacting in this respect, being able to utilize nitrate, am¬ 
monium or organic nitrogen. 

The finding that M. apiospennum is able to grow throughout a 
wide range of pH is reminiscent of the results of Leise and James 
(1945, 1946) with Epidennophyton floccosum and several species 
of Trichophyton. These organisms were able to grow dt pH 
10.5, under conditions which suppressed common contaminants. 

The finding of an optimum pH for growth of M. apiosper)nmn at 
pH 7.0-7.6 is an apparent exception to the statement that fungi 
prefer acid substrata. Yet a similar result was obtained by Cross 
(1948) with the yeast-like phase of Histoplasma capsulatum, which 
showed an optimum on several media in the range pH 7.2-7.6, a 
finding which may prove typical of other systemic fungi. 
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SUMMARY 

Monosporium apiospcrmiim has been grown in Czapek’s syn¬ 
thetic nutrient solution. The organism is able to utilize a wide 
variety of sugars, alcohols, amino acids and organic acids as sources 
of carbon. Good carbon sources include xylose, glucose, levulose, 
galactose, mannose, sucrose, trehalose, dextrin, starch, dulcitol, 
adonitol, alanine, serine, valine, isoleucine, arginine-HCl, glutamic 
acid, tyrosine, tryptophane and proline. Rhamnose, sorbose, inosi¬ 
tol, .sorbitol, mannitol, cystine, methionine and histidine* HCl are 
not available to the organism as sources of carbon. 

M. apiospermum is non-exacting in its nitrogen requirement, 
being able to utilize nitrate, ammonium or amino nitrogen. 
Growth occurred upon each of 23 amino acids tested as a nitrogen 
source. Glycine, alanine, valine, leucine, methionine, histidine* 
HCl, aspartic acid, asparagine, glutamic acid and tryptophane were* 
better nitrogen sources than the other amino acids tested. 

This fungus can grow within the pH range 3.6-10.8, with an 
optimum pH of 7,0-7.6, 

Growth of M, apiosperwuw occurs between a lower temperature 
limit at 15-20° C. and an upper limit at 40-45° C., with an opti¬ 
mum at approximately 30° C. 

Dept, of Biology, 

Vanderbilt University, 

Nashville, Tenn. 
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A STUDY OF AN ISOLATE OF BREVI- 
LEGNIA FROM NEW CALEDONIA 

T. W. Johnson, JuJ 
(with 1 FIOLRK) 

During the progress of a study of fungi isolated from soil sam¬ 
ples sent by Professor J. T. Buchholz from New Caledonia to the 
Mycological l.aboratories, Department of Botany, University of 
Illinois, a species of the genus Brevilcgnia was obtained which ap- 
])eared to be different from any of the hitherto described species in 
the genus. An investigation by Salvin ( 4 ) of an isolate of 
Brevilcgnia obtained from Cuba led him to conclude that specific 
and varietal characteristics in the genus were so variable that only 
two species appeared valid, and that these should be transferred 
as a sub-genus to the genus Thranstotheca. It seemed obvious, 
therefore, that a designation of the New Caledonia isolate as a new 
species had to be done with a consideration of the possibility of 
variation. 

I'he conclusions presented by Salvin were arrived at by the 
study of one isolate only, and the observations were not supported 
by a comparative study of isolates whose characteristics under 
standardized cultural conditions were those of previously described 
species. Since such comparisons were lacking, it is possible that 
only his isolate could be characterized by such extreme variability, 
and that more stable forms existed which should be recognized as 
valid species. Therefore, a study w'as initiated (a) to determine if 
the New' Caledonia isolate possessed variability comparable to 
Salvin’s isolate, and (b) on the basis of results obtained, to de¬ 
termine if it could be regarded as representing a variant of one of 
the accepted species of Brevilcgnia or as a new species. 

1 The author wishes to express his sincerest gratitude to Professor Leland 
Shanor, for his guidance and helpful suggestions in the course of the study, 
and in the preparation of this paper. The author’s present address is, De¬ 
partment of Botany, University of Michigan, Ann Arbor, Michigan. 
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Each isolate employed in this study was derived from a single, 
germinated zoospore, and was maintained in culture growing on 
boiled, split hempseed in 30 cc. of sterile, charcoal-filtered, distilled 
water at a temperature of 22 it .3° C. Assignment of specific 
names to all isolates of other species of Rrevilcgnia at hand was done 
on the basis of the characteristics of those isolates when grown in 
such cultures, since the original descriptions of species assigned to 
the genus were based either wholly or in a large part upon isolates 
grown in this manner. The details of culture methods employed 
for the study of possible variations under diflfcring environmental 
conditions will be described under the section dealing with experi¬ 
mental studies. This paper presents the results of these studies, 
and in view of these results, the New Caledonia isolate is believed 
to represent an undescribed species. 

Brevilegnia longicaulis sp. nov.- Mycelium spissum, breve, quod abuii- 
daiites ill Cannabis sathae seminibus gignitus. Hyphis plerumque non ultra 
5.0 mm. longis, crassis, et ad basim ramosis; mediis hyphis plerumque 24.7 At 
diam. Sporangiis copiosis, clavatis in longis cylindricalibus, 167-301 m longis, 
22.1-26.8M diam.; terminalibus, cymosis. Sporis plus v. minus angularibus, 
plerumque 9.1 m diam., quae aut in situ germinant aut sporas motiles secun- 
darias proferunt. Oogoniis copiosis, singulis et ad ramuli partem cxtremans 
affixis; 24.8-29.0 At diam.; sphaericis; tunicas leves, tenues, hyalinas, et nulla 
papilla alteravc parre prominente deformatas habentibus. Oosporis 22.5- 
26.0 m diam., sphaericis, quae singulae singulis in oogoniis ita gignuntur ut 
oogonia non implcant et paulo ab oogonii centre absint. Episporio levi, 
crasso. Antheridiis diclinis, longis, baud multum ramosis, quae plerumque 
singula, nonnunKpiam bina, terna, vel quaterna in oogoniis gignuntur sed in- 
terdum oninino desunt. Nullis gemmis. 

Hab.: ad terram humosam, Koe Dumbra, New Caledonia, September 23, 
1947. 

Mycelium depauperate, forming a dense growth on hempseed. 
Hyphae usually not more than 5.0 mm. long, averaging 24.7 fi in 
diameter near the center; delicate and branching. Sporangia 
abundant, terminal, clavate to long-cylindrical, 93-375 /x long by 
21.8r-53.6 /X in diameter, averaging 167-301 X 22.1-26.8 /x; gen¬ 
erally 3-5 spores wide, not branching, not producing spores in a 
single row either in part or in the whole; secondary sporangia 
arising by cymose branching. Encysted spores spherical to angu¬ 
lar, 6.2-11.0 At in diameter, averaging 9.1 /x; encysting within the 

- Latin diagnosis prepared with the assistance of Professor R. P. Oliver, 
Department of Classics, University of Illinois. 
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sporangium, and escaping upon disintegration of the sporangia! 
wall, then leaving the cysts as motile spores; only rarely escaping 
from the cysts while these are still united in a partly disintegrated 
sporangium, and then leaving a partial false-net cluster of cysts ; 
occasionally germinating in situ. Oogonia ahundant, spherical, 
22.5-333 fi in diameter, generally 24.8-29.0 /a; arising singly on 
long, slender, lateral stalks; wall smooth, thin, hyaline, unpitted; 
immature oogonia frequently proliferate until an antheridium be¬ 
comes attached. Oospores 1 to each oogonium, spherical, and not 
filling the oogonium; eccentric, with a large oil drop entirely sur¬ 
rounded by protoplasm; 20.1-27.5 /tA in diameter, generally 22.5- 
26.0 /A. Antheridial branches diclinous, long, irregular, and 
branched; never observed androgynous, and seldom not develo])- 
ing; one, rarely two to four antheridia to the oogonium; an¬ 
theridial cell broadly attached to the oogonium; antheridial tubes 
not obseived. (ieinmae lacking. 

From soil collected from the edge of a brook in a ravine, ap¬ 
proximately 5 miles east of Kde Dumbra, New Caledonia, Septem¬ 
ber 23, 1947, by Professor J, T. Buchholz. 

Slides of preserved material from the type culture are being de- 
[)osited in the herbaria of the University of Illinois, and the Uni¬ 
versity of Michigan. 

For purj)oses of distingui.shing BtTvileynia lotKjicaulis from other 
members of the genus which have been described, we have used liv¬ 
ing cultures, collected in Illinois by Dr. E. S. Beneke, of Brcvilcy- 
nta unisperma, B. unispcnna var. delica, B. nnispcrma var. mon- 
tana, B. unispcnna var. littoralis, and B. diclina, and have compared 
our isolate with the original descriptions of B. bispora, B. linearis, 
B. subclavata, and B. nic(/aspernia (1, 2, 3). In view of the pos¬ 
sible variations which may exist in sporangial characters, prime con¬ 
sideration was, given to fundamental differences in sexual repro¬ 
ductive structures. Salvin has indicated that even in his variable 
isolate, he considered such features as the type of antheridium and 
general morphology of the oogonium to be genotypically determined. 
These structures, then, it would seem, are more constant than spo¬ 
rangial characteristics for determining specific differences. With 
this consideration, and on the basis of the comparisons made, 
Brevilegnia longicaulis differs from any of the ])reviously described 
species and varieties in the genus. 
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EXPERIMENTAL STUDIES 

Six control cultures, each consisting of one-half of an infected 
hempseed, were employed for each phase of the experimental study. 
These cultures were propagated as single spore isolates in 30 cc. 
of sterile, charcoal-filtered, distilled water at a temperature of 
22'±: .3° C. Comparisons of the experimental colonies and the 
control colonies were made when both were of approximately the 
same age. Although only one culture on hempseed was used for 
each environmental condition, all experiments were repeated sev¬ 
eral times. Unless otherwise specified, the results herein reported 
are based on the average of 200 observations or measurements in 
each culture observed. Growth under any of the conditions not 
discussed below was similar to growth in the controls. 

Effect of environment on sporangial morphology: As suggested 
by the procedure outlined by Salvin in his investigation of Brevi- 
legnia isolate C-2, Brevilegnia longicanlis was grown in varying 
amounts of sterile, charcoal-filtered, distilled water, with and with¬ 
out aeration, at temperatures ranging from 10 to 35” C. (at inter¬ 
vals of 5° C.), and in water containing the staling products from 
several cultures of the isolate. The volumes of water used were 
1, 5, 10, 25, 50, 100, 300, 500, 1000, 1500, and 2000 cc. The stal¬ 
ing water employed was obtained by filtering, through a ])orcelain 
filter, water in which cultures of B, longicanlis had previously been 
grown. Twenty colonies, each one week old, were placed in 50 cc. 
of sterile, charcoal-filtered, distilled water, and allowed to develop 
for a period (jf 2 weeks. This procedure was repeated several 
times until sufficient staling water had been obtained. Cultures 
were grown in 25, 50, 100, and 200 cc. of this water, without aera¬ 
tion, at a temperature of 25° C. The effects of tcmi)eratures of 2, 
5, and 7° C. on sporangia of cultures grown in volumes of water of 
25, 50, 100, 200, 300, 500, and 1000 cc. were also studied. In all 
cases, observations were made on sporangial shape and size. 

In the case of cultures grown in 1 and 5 cc. of water, without 
aeration, at temperatures of 25, 30, and 35° C., sporangia were 
somewhat shorter than those of the control cultures. The range of 
the measurements of these sporangia was 67.5-181.5 X 22.5-23.1 /i, 
as compared with the range of 171.5-297.0 X 22.1-27.6/x for the 



Johnson, Jr. : An Isolate of Brevilegnia 


247 


controls, and they were typically clavate in shape. In quantities of 
water from 10 to 500 cc., without aeration, at temperatures of 25, 
30, and 35° C., sporangia showed some variation, the most notice¬ 
able being a slightly smaller diameter, with a tendency, in 115 of 
the sporangia measured, to be mostly 2 spores wide (fig. /). Spo¬ 
rangia in these cultures measured 187.5-202.0 X 19.1-21.5 /x, and 
were usually long-cylindrical in shape. In volumes of water 
above 500 cc., without aeration, sporangia were similar to those 
in the controls, except for a few sporangia in the cultures grown 
at 25° C. in 1000 cc. of water, these being abnormal in that the 
tips were bent as indicated in figure F. As far as could be observed, 
temperature in the range employed did not appear to have any ))ro- 
nounced ciTcct on sj^orangial morphology. 

In the cx])eriments involving aeration in addition to the volumes 
of water and tem])eratures as listed above, cultures grown in 25, 
so, and 100 cc. of water at a temperature of 25° C. produced spo¬ 
rangia which, in 2.2 per cent of the 300 sporangia observed, were 
longer and more cylindrical than those in non-aerated cultures. 
This degree of variation appears negligible, however, when com¬ 
pared with the variation of 1)0.8 per cent which Salvin obtained 
with isolate C-2, when grown under comparable conditions. In 
the temjierature range between 10 and 25° C., in aerated water, re¬ 
gardless of amount, si)orangia were shorter, but remained es¬ 
sentially clavate in shajie. The significance of this variation at 
lower temperatures in aerated cultures has not been determined. 
The variation is interesting, however, in v^iew of the lack of such 
variation when the water was not aerated. 

Cultures of Brevilegnia longicaulis were also grown in 4000 cc. 
of water, with aeration, at a temperature of 25° C. Examination 
of 255 sporangia from these cultures indicated that the only vari¬ 
ation induced in these structures was a decrease in their diameter. 
The average diameter of these sporangia was 17.3 /x, but in respect 
to length and shape, the sporangia were similar to those in the con¬ 
trols. Repetitions of the tests employing 4000 cc. of aerated water 
revealed the following variations: (a) the production of sporangia 
which were 1-spore wide in the basal half, and 2-3 spores wide in 
the apical half, in about 16 per cent of 205 sporangia observed 
(fig. //), and (b) the production of sporangia which were 1-spore 
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wide throughout their entire length (fig. /). This extreme nar¬ 
rowing, not observed in any other cultures, occurred in approxi¬ 
mately 12 per cent of 200 sporangia observed. 

The study on Brevilegnia C-2 showed that in that isolate, at 
least, temperatures below 10° C. inhibited the full development of 
the sporangia, and any visible development was limited to a simple 
swelling of the hyphal tips. Cultures of B. longicaulis held at 2° 
C. failed to develop any sporangia, and after two weeks in this en¬ 
vironment, examination revealed that no swelling of the hyphal 
tips had occurred. Attempts to obtain growth from these cultures 
by hyphal tip transfers onto MP-5 Agar were unsuccessful, and it 
is presumed that the mycelium was killed by the low temperature. 
At 5 and 7° C., however, the hyphal tips showed some swelling 
in the form of elongate enlargements suggesting the shape of the 
typical clavate sporangia. Development beyond this stage was noi 
observed. 

Staling water was utilized in an attempt to induce variations in 
sporangial shape. Salvin reported that sporangia of Brevilegnia 
C~2, developed on cultures growing in concentrated staling water, 
without aeration, for 10-14 days, wxre almost “exclusively short 
and clavate,” with only a “few' having the spores arranged in a 
linear .series” (4, p. 42). The number of spores in the sporangia 
in his cultures ranged from 4—16. Of the 160 sporangia of 
longicaulis observed in cultures grow'ii in 50 cc. of unaerated 
staling water at a temperature of 25° C., 74.2 ])er cent were typical 
in size, whereas the remainder were shortened, ranging from 31.0- 
87.5/4. in length (fig. G), The number of spores in these spo¬ 
rangia was large in comparison w ith the number of spores reported 
for Brevilegnia C-2. 

Effect of the environment on the production of gemmae: Cul¬ 
tures of Brevilegnia longicaulis were grown for 12 days in 25 cc. 
of staling water (obtained by the same procedure outlined for the 
study of sporangial variations) at a temperature of 25° C., but in 
no cultures w'ere gemmae produced. Similarly, older cultures of 
B, longicaulis, growing in the water in which they were originally 
placed, did not form gemmae. Salvin, however, was consistently 
able to induce the formation of gemmae by the use of concentrated 
staling water, even though they were not formed, in his isolate,* 
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on cultures in ''pure water” (4, p. 44). The results obtained 
with our isolate would tend to indicate that, in this species at least, 
the formation of gemmae may he genetically controlled and not 
influenced by an environmental factor. 

Effect of the environtnent on antheridial formation: Tii the re¬ 
port on the investigation of Brevilegnia C-2, the amount of avail¬ 
able oxygen was found to be the factor contributing most to varia¬ 
tions in antheridia. Again utilizing Salvin’s procedure, colonies 
of B, longicaulis were suspended at various depths of water from 
the surface to 12 inches, at intervals of 1 inch, and temperature was 
maintained at 25 .5° C. Standard glass cylinders were used 

which measured 35 mm. inside diameter. After 10 days the cul¬ 
tures were examined for variations in the antheridia, both in ])er- 
centage formed and for origin. No attempt was made to determine, 
(quantitatively, the actual degree of aerobiosis in the culture tubes. 

Of the oogonia of B. longicaulis formed at the 10-inch level, 
61.3 per cent had antheridia attached, 38.7 per cent had no an¬ 
theridia. Of the oogonia produced in the cultures growing at 
the 5-inch level, 63.9 per cent had antheridia attached, the remainder 
lacked them, and of the oogonia produced at surface level, 69.6 per 
cent had antheridia. For comparison, control cultures produced 
oogonia 72.0 per cent of which had antheridia, whereas the re¬ 
maining 28 per cent of the oogonia lacked these structures. Briefly, 
the results of Salvin showed that with increasing deq^th at which 
the mycelium of Brevilegnia C-2 devcloq)ed, fewer antheridia were 
formed. A culture of Brevilegnia C-2 growing at the surface of a 
10-inch column of water had 82 q^er cent of the oogonia with an¬ 
theridia attached, but a culture growing at the 10-inch deq^th of 
the column had only about 4 q)er cent of the oogonia with antheridia. 

The effect of the degree of aerobiosis on the origin of the an¬ 
theridial branches was determined by observations of these same 
cultures. The q)ercentages of antheridia developing diclinously, 
androgynously, or not at all, were very similar in the 10-inch, 5- 
inch, and surface levels to the percentages developing in the. stand¬ 
ardized control cultures: diclinous, 71.1 per cent; androgynous, 
0.0 per cent, and not develoqnng, 28.9 q)er cent. These results 
agree with those obtained by Salvin in that he reported that char¬ 
acters such as type of antheridium (diclinous or androgynous) 
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were not proven to vary with the environment, but rather, were 
apparently determined genetically. 

Although not included in Salvin’s study of Brevilegnia C-2, the 
characteristics of B, longicaulis when grown in more natural en¬ 
vironments were investigated. Fifteen separate single spore iso¬ 
lates of B, longicaulis were grown in 15 samples of water and 
debris. These samples were selected from such diverse locations 
as cold, clear, running water; cold, stagnant water, and warm 
stagnant water. After two weeks in these ‘'natural habitats,’' the 
cultures were observed, particularly for changes in the distinguish¬ 
ing characteristics. With the exception of minor variations in the 
morphology of sporangia (these were usually longer, and a greater 
number of them had the encysted spores germinating in situ), the 
features of the fungus were not obviously altered. 

DISCU.SSION 

In the recent paper by Salvin (4), reporting the effects of vari¬ 
ous environmental factors on the characteristic morphological 
structures that distinguish the genus Brevilegnia, as represented by 
his isolate, Breinlegnia C-2, the variation in sporangial size and 
shape, formation of gemmae, and the presence or absence of an- 
theridia, were evaluated. Particular attention was paid to the du¬ 
plication of the various sporangial characteristics that have dis¬ 
tinguished most of the previously described species belonging to 
the genus, and Salvin concluded from his results that only two of 
all the species and varieties that had been reported should be re¬ 
tained as specific entities. Breznlegnia bispora was retained, but 
all of the others were regarded as merely representing variations 
of B, unisperma that could be induced by varying the environment 
in which the cultures were grown. Furthermore, Salvin proposed 
the reduction of Brevilegnia to a sub-genus of Thraustotheca, 
designating the species in the sub-genus as Thraustotheca bispora 
and T, unisperma. 

On the basis of the results of a study of an isolate of Brevilegnia, 
herein reported as Brevilegnia longicaulis, we are not prone to 
accept all of the conclusions reached by Salvin. In the first place, 
our isolate, B. longicaulis, does not exhibit the wide variability in 
sporangial and other characters which Salvin reported for Brevi- 
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legnia C-2. Within reasonable limits, oiir isolate seems to be a 
a very stable organism. Should the same be true for the other spe¬ 
cies of Brevilegnia, there would be no justifiable reason for group¬ 
ing these under the specific name Brevilegnia nnispcrma. Before 
Salvin’s conclusion in this regard is accepted, it would be highly 
desirable to study the other species of the genus to determine if they 
follow the pattern of variability exhibited by his one isolate. In¬ 
deed, Brevilegnia C-2 may only exhibit a degree of variability not 
infrequently encountered in selected isolates representing other spe¬ 
cies of fungi. 

Secondly, we see nothing gained by reducing Brctnlcgnia to sub¬ 
generic rank under these circumstances. When the genus was es¬ 
tablished by Coker and Couch (1), the similarity of certain of the 
sporangial characters in Brevilegnia and Thraustothcca was rec¬ 
ognized. Other characteristics, however, such as the single 
oospore, the depauperate nature of the mycelial development, and 
the behavior of the spores in Brevilegnia, were regarded as the 
basic characters separating this genus from the genus Thraustothcca. 
Salvin’s results have in no way altered this original hypothesis. 
Therefore, we prefer to retain Bretnlegnia as a genus. 

On the basis of our study of Breinlegnia Ipngicaiilis, we are able 
to concur fully with Salvin that the type of antheridium, the general 
morphology of the oogonium, size of oospores, and the method of 
sporangial proliferation are stable features, and it is primarily on 
the basis of these that the isolate we have studied has been dis¬ 
tinguished from the other species of the genus. 

SUMMARY 

A new species of Brevilegnia is described as Brevilegnia longi- 
caulis. The fungus was recovered from a soil sample obtained 
along a ravine near Koe Dumbra, New Caledonia. It is charac¬ 
terized by clavate to long-cylindrical sporangia renewed by cymose 
branching, motile zoospores, diclinous antheridia, proliferating 
oogonia, and oospores which are consistently larger than those in 
species and varieties of Brevilegnia previously described, with the 
exception of Brevilegnia megasperma. 

The fungus was subjected to extensive experimentation in an 
attempt to induce specific variations in the morphology of the spo- 
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raiigia, the origin of the antheridia, and to induce the formation of 
gemmae. Variations obtained were slight, and not sufficiently 
pronounced to conclude that this species was merely a variant of 
any other species. 

Department of Botany, 

University of Illinois, 

Urbana, Illinois. 
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DESCRIPTION OF FIGURES 

Brevilegnia longicaulis. Fig. A. Portion of mycelium growing on hemp- 
seed, showing long oogonial stalks, and diclinous, irregular and branched 
antheridia. X 840, B. Mature sporangium of the characteristic clavate type. 
X 840. C. Mature sporangium of the typical long-cylindrical type. X 840. 
D. Mature sporangium showing disintegration of wall, and liberation of en¬ 
cysted spores. X 840. E. Sixirangium in which some of the encysted spores 
have l)een liberated normally, the remainder having emerged from their cysts, 
leaving a partial false-net sporangium. X 840. F. A bent sporangium 
formed in a culture grown at 25® C. in 1000 cc. of unaerated water. X 840. 
G. A short-clavate sporangium formed in a culture grown at 25° C. in 50 cc. 
of unaerated staling water. X 840. H. A modified sporangium with spores 
in a single row in the basal half, observed in cultures grown at 25° C. in 
4000 cc. of aerated water. X 840. /. A narrow-cylindrical sporangium 2 
spores wide, formed in a culture grown at 30° C. in 100 cc. of unaerated 
water. X 840. J. A modified sporangium 1 spore wide, formed in a culture 
grown at 25° C. in 4000 cc. of aerated water. X 840. K. Motile stage of 
zoospores after emergence from cyst. X 1980. L. A cluster of encysted 
zoospores, germinating in situ. X 840. M. Typical mature oogonium show¬ 
ing diclinous antheridial branches, attachment of antheridia, and mature 
oospore. X 1180. N. Immature oogonium with attached diclinous antherid¬ 
ial branch. X 840. O. Proliferation of an oogonium, showing the ultimate, 
mature with a diclinous antheridium. X 1180. P, Mature oogonium 
with 2 ed antheridial branches. X 1180. Q. Mature oogonium which 
has develop 'arthenogenetically. X 1180. All figures made with aid of a 
camera lucida. 



THE ACTIVITY IN VITRO OF CYCLO- 
HEXIMIDE (ACTI-DIONE') AGAINST 
FUNGI PATHOGENIC TO PLANTS 

Alma J. Whikfkx 
(with 1 figure) 

The demonstration by Dr. Tnna Felber and Dr. Charles Hanincr 
(1948) that powdery mildew (Hrysiphe polygoni DC.) on bean 
plants in the greenhouse could be controlled by the antibiotic cyclo- 
heximide in concentrations from five to ten parts per million has 
aroused interest in the eflfectiveness of cycloheximide against other 
])lant pathogens. Earlier, cycloheximide had been shown to be 
active against a number of yeasts but only slightly active against 
the filamentous fungi that cause disease in animals (Whiflfen, 1948). 
in this paper the spectrum of antibiotic activity of cycloheximide 
in vitro is extended to cover twenty-nine species of fungi pathogenic 
to plants. 


MATERIALS AND METHODS 

With the exception of cultures obtained from culture collections, 
as noted, all species tested were freshly isolated from diseased 
plants. Isolation of the pathogenic fungi was greatly aided by the 
addition of streptomycin, in concentrations from 100 to 300 micro¬ 
grams per milliliter, to plates of Blakeslee's medium (Difco malt 
extract 20 grams, Bacto-peptone 1 gram, dextrose 20 grams, agar 
20 grams, distilled water 1000 milliliters). These concentrations 
of streptomycin suppressed or inhibited the multiplicatior of the 
majority of contaminating bacteria without having any inhibitory 
effect upon the growth of the fungi. 

Eleven species were obtained for us by Dr. Ralph Lewis from in¬ 
dividuals and culture collections as follows: Sclerotinia frncticola, 

1 Cycloheximide has been assigned as the generic name for ' n'lpound 
/3- [2- (3,5-dimethyl-2-oxocyclohexyl) -2-hydroxyethyll -glutarim* lOr which 
The Upjohn Company adopted “Acti-djone” as its tradem^' 
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Alternaria solani, and Alternaria oleracea, S.E.A. McCallan, Boyce 
Thompson Institute; Sclerotium rolfsii, W. D, McClellan, Bureau 
of Plant Industry, Beltsville; Pythium dcbaryannm and Diplodia 
::eae, Benjamin Koehler, University of Illinois; Macrosporitim sar- 
cinaeforme, J. G. Horsfall, Connecticut Agricultural Experiment 
Station; Physalospora tucamanensis Light Strain and Dark Strain, 
C. W. Edgerton, Louisiana State University; Venturia imequalis 
305-4, G. W. Keitt, University of Wisconsin; Diaporthe citri, 1.. 
J. Klotz, Citrus Experiment Station of the University of California, 
Riverside, California. 

Crystalline cycloheximide was diluted in plates of D.P.Y. agar 
medium to give concentrations of 100.0, 40.0, 20.0, 10.0, 5.0, 2.5, 
1.25 micrograms per milliliter and 1.0, 0.5, 0.25, 0.125, 0.062 micro¬ 
gram per milliliter. The composition of D.P.Y. medium is as 
follows: dextrose 10 grams, Bacto-peptone 5 grams, Difco yeast 
extract 1 gram, agar 20 grams, distilled water 1000 milliliters; pH 
6.8. Spore suspensions of the fungal pathogens were prepared 
from ten-day-old agar slant cultures on Blakeslee’s medium and 
streaked on the surface of plates containing cycloheximide. Those 
fungi that did not sporulate on agar, e,g», Pythium dcbaryannm, 
Rhi::octonia sp., and Sclerotium rolfsii, were grown on agar plates 
and a disc of mycelium was cut from the margin of the colony for 
inoculum. The concentration at which there was complete inhibi¬ 
tion of growth was recorded after 48 hours of incubation at 24° C. 
and again after 72 hours. The tests were replicated four times 
with four different lots of spores. 

To determine the effect upon the rate of mycelial growth, cyclo¬ 
heximide was diluted in D.P.Y. agar to cover a range of concen¬ 
tration from 0.0075 to 4,0 micrograms per milliliter, using a dosage 
ratio of 2.0. Duplicate plates were inoculated in the center with 
an agar disc, four millimeters in diameter, cut from the edge of a 
forty-eight-hour-old culture of Pythium debaryanum. The plates 
were incubated at 30° C. and at intervals of 12 to 24 hours,* the mar¬ 
gin of the colony was marked along previously ruled radii. The 
rate of growth in terms of millimeters per hour was determined 
for each concentration of cycloheximide and for the control lacking 
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cycloheximide and from these data the percentage of retardation 
of mycelial growth from that of the control was calculated. The 
experiment was replicated five times. This method of determining 
toxic effect on the growth of mycelium was suggested by Bateman 
(1933). 

experimental results 

In table 1 are shown the concentrations of cycloheximide at which 
the growth of thirty-three plant pathogens was completely inhibited 


TABLE 1 

The In Vitro Effect of Cycloheximide Upon 
Thirty-Three Phytopathogenic Fungi 


OrRanisms 

1 lisease 

Micrograms per 
milliliter com¬ 
pletely inhibit¬ 
ing growth 



48 hours 

72 hoiir.s 

Class Phycomyqetes 




Order Peronosporales 




Pylhium deharyanum 

Damping Off 

10.0 

20.0 

Class Ascomyoetes 

Order Pczizales 




Sclerolinia fructicoln No. P) 

Brown Rot of Peach 

2.5 

5.0 

Sderotinia fructkola B 

Brown Rot of Peach 

10.0 

20.0 

Sclerolinia fructicoln BTI 

Brown Rot of Peach 

10.0 

20.0 

Diplocarpon rosae 

Black Spot of Rose 

5.0 

10.0 

Order Myriangiales 




Elsinoe venela 

Anthracnose of Kubus 

20.0 

40.0 

Order Ilypocreales 

Barley Scab 



Gibberella saubinelii 

10.0 

20.0 

Order Sphaeriales 




Physalospora iucutnanensis L.S. 

Red Rot of Sugai Cane 

5.0 

10.0 

Physalospora iucutnanensis I),S. 

Red Rot of Sugar Cane 

5.0 

10.0 

Diaporthe citri 

(banker 

2.5 

2.5 

Rndothia parasitica 

Chestnut Blight 

5.0 

20.0 

Gnomonia veneta 

Anthracnose of Sycamore 

10.0 

20.0 

Gnotnonia leptostyla 

Anthracnose ot Hickory 

10.0 

20.0 

Guignardia aesculi 

Leaf Blotch of Horse Chestnut 

5.0 

10.0 

Venturia inaequalis .165-4 

Apple Scab 

5.0 

10.0 

Class Basidiomycetes 

Order Ustilaginales 

Loose Smut of Wheat 



Uslilago tritici 

0.062 

0.125 

LJstilago zeae 

Common Smut of Corn 

2.5 

10.0 

Fungi Imperfecti 

l..eaf*Spot of Celery 



Cercospora apii 

20.0 

20.0 

Heterosporium iridis 

Ivcaf Blight of Iris 

2.5 

5.0 

Clados^ium fulvum 

Leaf Mold of Tomato 

0.125 

0.25 

Cladosporium paeoniae 

Leaf Mold of Peony 

5.0 

10.0 

Macrosporium sarcinaeforme 

1 I.eaf Spot of Clover 

1 Early Blight of Potato 

10.0 

20.0 

Aliernaria solani 

20.0 

40.0 

AUernaria solani BTI 

Early Blight of Potato 

10.0 

10.0 

Alternaria oUracea BTI 


10.0 

20.0 

Ramularia pastinaceae 

Leaf Spot of Parsnip 

40.0 

100.0 

Diphdia zeae 

Diplodia Disease of Cora 

1.25 

1.25 

Ccdletotrichum lagenarium 

Anthracnose of Cucurbits 

2.5 

10.0 

CcUetotrichum phomoides 

Anthracnose of Tomato 

10.0 

10.0 

Fusarium lycopersci 

Sphaeropsis elysii 

Tomato Wilt 

40.0 

100 0 

Leaf Spot of Black Pine 

Stem Rot 

0.062 

0.125 

Sclerotium rolfsii 

1.25 

2.5 

Rhizoctonia sp. 

Dollar Spot 

1.25 

1.25 
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after 48 and 72 hours of incubation. With the exception of the 
three non-sporulating fungi mentioned above, the inhibition ob¬ 
served was predominantly that of spore germination. It will be 
noted that in almost every case a concentration of cycloheximide 
that prevented germination of spores after 48 hours was insufficient 
to do so after 72 hours. In an experiment carried to 92 hours there 
was growth at still higher concentrations than at 72 hours. At any 



I'lG, 1. Dosage-response curve of Pythium debaryauum to cycloheximide. 

given time partial inhibition of growth could be observed over a 
range of two to sixteen fold differences in dosage. The growth of 
all species and strains of fungi tested was completely inhibited after 
forty-eight hours of incubation by a concentration of cycloheximide 
of 40 micrograms per milliliter or less. Of the thirty-three organ¬ 
isms, two were inhibited by 40, three by 20, ten by 10, seven by 5, 
five by 2.5, three by 1.25, and three by less than 1 microgram of 
cycloheximide per milliliter. 
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The dosage-response curve of Pythium debaryanum to cyclo¬ 
heximide is shown by figure 1 in which the dosage has been plotted 
on a logarithmic scale against the percentage of mycelial inhibition. 
When plotted in this manner, the toxicity curve is not a straight 
line; nor is a straight line obtained when probit response is plotted 
against logarithm of dosage. The dosage response curve of P. 
debaryanum on logarithmic probability paper has a double slope, 
curvature concave upwards, and resembles the toxicity curve found 
by McCallan et al. (1941) for Bordeaux Mixture against Glo- 
merella cingidata. 


DISCUSSION AND CONCLUSIONS 

Cycloheximide has an inhibitory effect against a wide variety of 
phytopathogens including one order of Phycoinycetes, four orders 
of Ascomycetes, one order of Basidiomycetes and twelve genera 
of the Fungi Imperfecti. In view of its widespread activity against 
fungi pathogenic to plants, it is surprising that cycloheximide appar¬ 
ently is ineffective against the filamentous fungi that parasitize 
animals. 

Including cycloheximide, approximately twenty-two antibiotic 
substances have been described in the literature as possessing anti¬ 
fungal properties. Of these only one other than cycloheximide 
has been extensively tested against phytopathogenic fungi. An 
impure preparation of antimycin, an antibiotic produced by Strepto- 
myces sp., inhibited the growth of eight different species of fungi 
pathogenic to plants in concentrations of less than two micrograms 
per milliliter and five other species in concentrations from three to 
two hundred and fifty micrograms per ml. (Leben and Keitt, 1948). 
Pure antimycin may be expected to be more highly active in vitro 
than cycloheximide. 

The in vitro activity of cycloheximide against fungi pathogenic to 
plants described in this paper is merely an indication of its possible 
usefulness in the control of plant disease. In addition to deter¬ 
mining the toxicity of cycloheximide to pathogenic fungi under field 
conditions, it will also be necessary to know the toxicity of cyclo¬ 
heximide to the affected plants. Experiments directed to this end 
have been begun (Vaughn et al., 1949). 
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SUMMARY 

The antibiotic cycloheximide inhibited the growth in vitro of 
thirty-three species and strains of phytopathogenic fungi within a 
range of concentration varying from 0.125 to 100.0 micrograms per 
milliliter. The effect of cycloheximide upon the mycelial growth 
of Pyihium debaryanum was determined and the dosage response 
curve plotted. 
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THE GENUS MARSSONINA ON QUERCUS 
AND CASTANEA 


Paul L. Lentz * 

(with 1 figure) 

A specimen of a fungus causing oak leaf spots was recently sent 
for determination to the Bureau of t^lant Industry by Professor 
A. A. Dunlap of the Department of Plant Pathology, A. & M. 
College of Texas. The spots seemed to be caused by a species 
of Marssonina, but the organism was not M. martini (Sacc. & Ell.) 
Mj^n., the common species on oak. Eventually it was learned that 
some specimens similar to this fungus had previously been placed 
in the mycological collections of this Bureau as Gloeosporiiun 
scptorioides Sacc., and that others had mistakenly been determined 
as M. martini. Examination of additional specimens and a search 
through the mycological literature revealed much confusion con¬ 
cerning this organism. Since this fungus is apparently of rather 
frequent appearance on oak, the following discussion is presented 
with the hope that some of the confusion may be eliminated and 
that attention may be directed to the fact that there are two species 
of Marssonina common on oak in the United States. 

In 1884, Winter described Marsonia quercina from a specimen 
collected in Missouri by Demetrio. The fungus sent from Texas 
by Professor Dunlap belongs to the same species as that described 
by Winter. The original description by Winter is clear and ade¬ 
quate, except for the necessity of extending the size range of the 
conidia and other slight modifications. 

The fungus described as ^iarsonia quercina causes spots on oak 
leaves similar to those caused by M. martini. The margin may be 
somewhat more definite and of a slightly darker reddish-brown 
color than the margin of the spot caused by M. martini, but this 
is not always true. The most reliable macroscopic character that 

♦ Associate Mycologist, Division of Mycology and Disease Survey. 
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may be used for distinguishing the present fungus from M. martini 
is the host upon which it is found. Of 45 specimens of M. martini 
examined during this study, all were on leaves of species belonging 
to the white oak group. (Cf. Marsonia qucrcus Pk. below.) The 
38 specimens of Winter’s Marsonia qiiercina studied all occurred 
on leaves of species belonging to the black oak group. 

Marssonia ochrolcuca (Berk. & Curt, ex Pk.) Humph, ex Seym, 
(c/. below) on Castanca' resembles the “black” oak fungus even 
more closely than does M. martini, and it is surprising that speci¬ 
mens from oak do not seem to have been given the name of the 
chestnut fungus. Both Marssonia ochrolcuca and the “black” oak 
fungus diflfer from A/, martini by having longer, more slender 
conidia which are not constricted at the septum. The acervuli of 
the chestnut fungus seem to be somewhat more shallow than those 
of the “black” oak fungus, but this is not constant. Although the 
chestnut fungus and the “black” oak fungus are very much alike in 
every respect, with only vague differences easily accounted for by 
the differetice in host, the two are nevertheless here treated as sepa¬ 
rate species. This is in keeping with the recognition of the usual 
as.sociation of leaf spot fungi with narrowly restricted hosts and 
also with tradition, as indicated by the failure of other workers to 
identify the “black” oak fungus as Marssonia ochrolcuca. 

Part of the confusion concerning the identity of the present 
fungus no doubt results from the variable nature of the acervulus, 
an unfortunate phenomenon .so far as taxonomy is concerned. It 
may vary from a sub-sphere to a saucer in form. At maturity it is 
usually opened broadly and lacks any conspicuously defined wall 
of the type which would permit it to be considered a pycnidium. 
Usually the fungus elements at the base of the conidiophores form 
a thin basal stratum of more or less isodiametric, hyaline and in¬ 
conspicuous cells, although occasionally there may be an increase 
in density and definiteness and a slight darkening in some areas, 
particularly at the base of the fructification. While the acervulus 
of M. martini is confined to the region just beneath the epidermal 
layer, the fructification of the “black” oak fungus may be confined 
to this area or may form a deep cavity in the leaf tissue, hypophyl- 
lous fructifications frequently forming a cavity extending to the 
lower margin of the palisade layer of leaf tissue. At maturity the 
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fructification is usually broadly open, and the conidia are freed by 
splitting of the leaf epidermis over the acervulus. 

An additional source of confusion concerning this fungus has 
been the failure of some workers to sec the single sei)tiim of the 
conidium, a structure which frequently is difficult to see by the 
usual staining methods. By the following method, used during this 
study, it may be observed with ease: A bit of the acervulus was ob¬ 
tained by use of a needle filed down to a chisel-like edge at the tip. 
This particle was placed on a slide, moistened with alcohol, swelled 
with 2 ])er cent KOH solution, stained with phloxine, and crushed 
beneath a cover slip by gentle tapping on the latter. Measurements 
of conidia were then made and were found to differ very little if at 
all from measurements of conidia well moistened in water. The 
septum could usually be discerned with some difficulty when the 
conidia were being measured. Following this examination, the 
cover slip was removed and a drop of glycerine acidulated with 
acetic acid was placed on the bit of crushed acervulus. The cover 
slip was replaced, and examination of the conidium then revealed 
that the cytoplasm had pulled away slightly from the septum, and 
that the latter could be seen distinctly. 

During this study, it was found that specimens of the “black” 
oak leaf fungus had been ])laced in the m)^cological collections of 
this station under the following designations: Marsonia* quercina 
Wint., Marssonia quercina Wint. var. major Overh., Glocosporium 
septorioides Sacc., Marssonina quercus (Pk.) Magn., Marssonina 
martini (Sacc. & Ell.) Magn., Septofda qiicrcicola Sacc., Septoria 
quercus Thuem., and Cylindrosporium microspilum Sacc. & Wint. 
Of these, the first three represent .synonyms of the new combination 
presented below for the “black” oak fungus. The others are mis- 
determinations. 

To make the matter clear, the following list is presented of spe¬ 
cies which examination of specimens and/or consultation of litera¬ 
ture has shown to be entirely distinct from the fungus occurring on 
leaves of trees in the black oak group: Marssonina martini (Sacc. 
& Ell.) Magn., Marssonina quercus (Pk.) Magn., Marsonia mat- 
teiana Sacc., Phleospora Jianseni Bub., Ascochyta quercus Sacc. & 

* Marsonia and Marssonia are earlier, now invalid, names for the present 
genus Marssonina. 
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Speg., Ascochyta quercuum (Cke.) Sacc., Cylindrosporhtvi micro- 
spilum Sacc. & Wint., Cylindrosporium quercus Sorok., Cylindro- 
sporium qtiercinum J. Carter, Septoria quercicola Sacc., Septoria 
quercina Desm., Septoria quercus Fckl., Septoria quercus Thuem., 
Septoria ocellata (Lev.?) Sacc., and Septoria neglccta Earle. 

A portion of the type collection of Marsonia quercus Pk. was 
studied through the courtesy of Dr. H. D. House of the New York 
^tate Museum. In a letter accompanying the specimen, Dr. House 
expressed doubt that the host was really Quercus ilicifolia Wang., 
as stated in Peck's (1885) original description of the species. He 
suggested that the type material was actually collected from two 
hosts: Q. rehderi Trel. and Q. prinoides Willd. Examination of 
a portion of the type collection on leaves of what appear to be two 
different species of oak shows Marsonia quercus Pk. to l)e identical 
with M. martini (Sacc. & Ell.) Magn. Thus Marssonina quercus 
(Pk.) Magn. is a synonym of M. martini (Sacc. & Ell.) Magn. 
Previous experience, noted above, of finding M. martini only on 
leaves of species of the white oak group leads to the conclusion that 
both of the species of oak in the Peck collection must belong to 
this group as, judging from the configuration of the leaves, they 
well may. 

Magnus (1906) has shown that Marssonia Fisch. is not valid as 
the name of a genus of fungi; therefore he changed the name to 
Marssonina Magn. During the study of the fungus known as 
Marssonia ochroleuca, on Castanca, it was noted that a transfer to 
Marssonina had apparently never been made. Heald (1926, p. 
29) has published a photograph of this fungus, beneath which is the 
caption “Leaf spot {Marssonina ochroleuca) of chestnut." There 
is no further discussion, and this hardly constitutes publication of 
a new combination. It is probable that Heald merely substituted 
the new generic term for the old without concerning himself over 
the fact that the combination had really never been made. Septoria 
ochroleuca was published as a Berk. & Curt, species by Peck 
(1873). Berkeley (1874) later published the same species, but 
his description is antedated by Peck's. On specimens 173a and 
173b of Seymour and Earle’s Economic Fungi is the designation 
**Marsonia ochroleuca (B. & C.) Humphrey in litt." In Seymour's 
Host Index of the North American Fungi (1929), the species is 
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Fig. 1. Conidiophores and conidia of Marssonina qticrcina (top), M. 
martini (bottom, left), and M. ochrolcuca (bottom, right). Magnification, 
X 1000. 


included, among other synonyms, as **Marsso}\ia ochrolcuca (R. & 
C.) J. E. Humphrey.^’ For this fungus, the following new com¬ 
bination is proposed: Marssonina ochrolcuca (Rerk & Curt, ex 
Peck) comb. nov. 

In addition, the following new combination, with synonymy and 
description, is presented for the fungus which occurs on species of 
the black oak group: 

Marssonina quercina (Wint.) comb. nov. 

Marsonia quercina Wint. Hedw. 23: 171. 1884; also in Rab.-Wint. Fungi 
Eur. no. 3085. 1884. 

Glocosporium septorioides Sacc. R. Instituto Veneto Atti. Ser. 6. 3: 726. 1885. 
Gloeosporium septorioides Sacc. var. major Ell. & Ev. Jour. Myc. 1: 111. 
1885. 

Marssonia quercina Wint. var. major Overh. Mycologia 18: 32. 1926. 

Leaf spots amphigenous, few and scattered to numerous and 
sometimes confluent, orbicular to angular-orbicular, (0.5) 1-4.5 
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(5.5) mm. in diameter, the upper surface dull tan ^ (intermediate 
between light buff and warm buff of Ridgway), or more rarely 
faded clay color, the margin usually extremely narrow but con¬ 
spicuous, chestnut brown, verona brown to warm sepia, or seal 
brown, with the leaf sometimes discolored up to 2-3 mm. from 
the margin, the lower surface dull tan to cinnamon buff or faded 
clay color, with the margin often less conspicuous than that of the 
upper surface, concolorous with the spot, or more often Fronts 
brown, snuff brown to bister, or seal brown; the acervulus usually 
one but occasionally several to the spot, usually hypophyllous but 
occasionally epiphyllous, suhglobose with a broad opening to con¬ 
cave or nearly plane, covered by the leaf epidermis, then opening 
by splitting of the latter, 50-150/x from base to apex and 150-250 
(390) /X in diameter, lacking a conspicuous pycnidium-like ex¬ 
terior wall, sometimes slightly darkened toward the base, but usually 
with the conidiophores arising from a thin base of hyaline more 
or less isodiainetric cells; the conidiophores of two to several hy¬ 
aline cells, unbranched, or more often branched one to three times; 
the apical, conidium-bearing cells of the conidiophores hyaline, 
slenderly obclavate, (6.5) 10-13 X (1.5)2-3 /x, bearing a single 
conidium at the truncate apex; the conidia hyaline, smooth, acerose 
to falcate, non- or 1-septate as seen attached to the conidiophore, 
1-septate when discharged, not constricted at the septum, (14.5) 16- 
26(30) X 1.5-2(2.5) /X, most often 18-23 X 1.5-2 /x, oozing out 
of the acervulus in an amber brown mucilage which often forms 
a thin resinous-appearing coating over the leaf spot when dry. 
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PERMANENT STAINED MYCOLOGICAL 
PREPARATIONS OBTAINED BY 
SLIDE CULTURE 


Roland W. Riddell ♦ 

(with 17 figures) 

The cultivation of fungi on microscopic slides, either by van 
Tieghem cell or by culture chamber methods, is a routine labvira- 
tory procedure. All such procedures commonly employed have 
certain inherent disadvantages and limitations. These include 
the amount of time and labor involved in preparation, and the diffi¬ 
culty'due to the ])resence of culture medium when staining and 
making permanent preparations. These objections are largely 
obviated by a method to be described below which has, in addition, 
the asset of providing adequate aeration during culture. The 
method is superior to all that have been tested, and is quite similar 
to one used at the London School of Hygiene and Tropical Medi¬ 
cine. It is presented herewith since it is believed that it should be 
widely employed in mycological laboratories. 

About 10 ml. of any chosen agar medium is melted and poured 
into a sterile 9 cm. Petri dish to form a layer 2 mm. deep. After 
the medium solidifies, preferably by refrigerator cooling, 1 cm. 
squares are ruled out over the whole plate using a sterile dissecting 
needle and a flamed glass rod (fig. 1). This is done rapidly to 
reduce chances of contamination while the lid is displaced. Using 
sterile forceps, a flamed microscopic slide is placed under cover of 
a Petri dish lid, the inside of which was also flamed. A flamed 
cover slip is placed upon this slide to overlap at one end. An agar 
square is now lifted out of the Petri dish with precautions to pre¬ 
vent contaminations (fig. 2), and is transferred rapidly to the 
center of the cooled slide (fig. 3). A needlepoint inoculum of 
spores, or a small bit of mycelium, is placed at the center of each 

♦ Commonwealth Fund Fellow, Depts. of Biology and Medical Mycology, 
Duke University, Durham, North Carolina. 
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edge of the agar block over the whole 2 mm. depth at this point 
(fig. 4). With sterile forceps the cover slip is placed centrally 
upon the upper surface of the agar square, and the slide is then 
transferred to a moist chamber (fig. S). Care is taken that the 
cover slip is not moved during growth of the fungus as when 
changing from the 16 mm. to the 4 mm. objective in microscopic 
inspections. 

The earliest suitable time before excessive sporulation occurs is 
chosen to terminate growth. It is rarely necessary to allow growth 
to extend beyond 3 mm. from the cover slip edge, and often growths 
of about 1 mm. wide give the best results (fig. 6). The cover 
slip is lifted vertically from the agar block without twisting move¬ 
ment and is placed aside, culture uppermost. Beginning at one 
corner the lifter is gently inserted under the agar block so as to 
lift it completely off the slide (fig. 7). Thereby the agar and 
most of the fungus growth are discarded and ail that remain on 
both slide and cover slip are four areas of growth joined by scanty 
lines of mycelium. A drop of 95 per cent ethyl alcohol is applied 
to the center of each of the rings of growth and is allowed to flow 
outwards to wet the fungus (fig. 8). Just before it has completely 
evaporated a drop of lactophenol blue ^ is applied as was the alco¬ 
hol. A clean cover slip is gently lowered upon the slide culture to 
.spread the dye outwards over the damp mycelium (fig. 9). Simi¬ 
larly a clean slide is applied to the cover slip preparation and is 
then quickly inverted. The slides are left undisturbed overnight 
after which any dye expressed is absorbed by strips of blotting 
paper applied to the cover slip edges. Fixation of the cover slips 
can now be obtained by application of colored nail lacquer to the 
corners. When this has dried, more lacquer is used to seal off the 
cover slip edges and, when dry, it may be trimmed with a razor 
blade. Two permanent stained preparations are thus made from 
each slide culture. 

The agar concentration (c.^., about 1.5 per ^'ent Bacto-agar in 
Sabouraud's medium) should be suitable to allow a square to be 
lifted out cleanly without fraction. A lifter can be made by ham- 

1 Lactophenol blue: phenol crystals 20 gm., lactic acid 20 cc., glycerol 
40 cc., distilled water 20 cc. Dissolve by gently heating and add 0.05 gm. 
cotton blue (methyl blue). 
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inering out the red-hot end of a dissecting needle bent to an obtuse 
angle. The Petri dish of unused agar blocks may be stored in the 
refrigerator. If the agar block is too thick little growth becomes 
attached to the glass, whereas if too thin it shrinks during the pe¬ 
riod of fungus growth and becomes difficult to remove. The moist 
chamber is constructed from a glass dish in which are laid two 
layers of paper towelling soaked in 20 per cent glycerol in water, 
and the slide cultures are supported above the paper by glass rods. 
I^he rim of the dish is sealed with vaseline and a glass plate is laid 
upon it. The chamber need not be sterile as is demonstrated by 
the rarity of contaminants in the cultures. The glycerol is incor¬ 
porated to prevent “fogging” of the slides. It may ])e necessary 
to add more glycerol solution to the ])aper during culture but ex¬ 
cessive wetting is avoided. There should be no marked shrinkage 
of agar during incubation. The application of alcohol to the fungus 
prevents inclusion of air bubbles and facilitate- staining, but an 
excess present when the dye is added gives irregular results. The 
size of the lactophenol blue drop is adjusted so as just to fill a 
cover slip area. It is desirable that a centrifugal movement of al¬ 
cohol and dye over the area occupied by the fungus is achieved, and 
as little movement of the cover slip as possible. Where sporula- 
tion is excessive the cover slip preparation is the Ijetter of the two, 
as it is relatively free from deposited spores. A Penicillium species 
is a suitable organism with which to practice the technique. 

The method provides a simple means of observing aerial and 
submerged mycelial growth of fungus and developing fruiting 
structures in situ. Permanent stained preparations are made 
which demonstrate general fungus distribution (figs. 10 and 11), 
stages of spore germination (figs. 12 and 13), and the de velopment 
of fruiting structures (figs. 14 and 15). It is at the moment be¬ 
ing used to investigate the effects of chemicals and antibiotics pres¬ 
ent in the medium upon cultural morphology (fkl 16). Conidial 
apparatus may be studied in detail (fig. 17). It j^rovides a rapid 
routine diagnostic aid to supplement observation made by teasing 
apart preparations on a slide. In medical mycology, it is possible 
to use for demonstration slides small portions of infected hair or 
skin scales as inocula. 
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Photomicrographs of various fungi from slide cultures stained with lacto- 
phenolblue: (10) Pcnicillium s\}. (11) Neurospora sitophila. (12) Asper¬ 

gillus sp.—^germination and sporulation. (13) Microsporunt canis —macro¬ 
conidi um germination. (14) Alternaria sp.—conidium formation. (15) 
Microsporum gypseum —stages in macroconidium development. (16) Poly- 
porus versicolor —Oidium production on monolcaryotic mycelium. (17) En- 
doconidiophora sp.—conidiophores. 



A NEW GENUS OF THE 
CHOANEPHORACEAE 

Leland Shanor, Adrian W. Poitras, and R. K. Benjamin 
(with 12 figures) 

The family Choanephoraceae is one of the smaller families of the 
order Miicorales hut one of considerable interest because certain of 
its species arc parasitic on higher plants and, within the family in 
the various genera, the spores may he formed in Mucor-like spo¬ 
rangia, in sporangioles, or as monos])orous sporangioles which arc 
usually referred to as conidia. The genera are separated primarily 
on a combination of the different wS])orulating structures produced 
and from two to as many as six genera are included in the family 
by different authors (Fitzpatrick, 1930; Zycha, 1935; Naumov, 
1939). The six genera included by Zycha (1935) are: Blakeslea 
Thaxter, Choanephora Currey, Cunninyhamclla Matruchot, Rho- 
palomyccs Corda, Thaiinioccphalis Blakeslee, and Siymoideomyces 
Thaxter. In Blakeslea many-spored sporangia and sporangioles 
are produced but no conidia; in Choanephora many-sjxired spo¬ 
rangia and conidia are formed but no sporangioles; in Cunniny- 
hamclla, Rhopalomyces, Thamnoccphalis. and Siymoideomyces 
only conidia are known. Naumov (1939) includes only Choa¬ 
nephora and Blakeslea in the Choanephoraceae and segregates 
Cunninyhamclla, Siymoideomyces and Thamnoccphalis in a sepa¬ 
rate family, the Cunninghamellaceae. Zygospores in Blakeslea and 
Choanephora, where known, are formed between the tips of 
twining branches and the species are heterothallic. Zygospores in 
Cunninyhamclla, where known, are formed more as are those of 
Mucor rather than between tips of twining branches. Zygospores 
in Rhopalomyces, in Thamnocephalis, and in Sujmoideomyces are 
unknown, a fact which has influenced some students to exclude 
these genera from the Mucorales. 

Early in March 1949 there appeared on a collection of rabbit 
dung taken in Brownfield Woods near Urbana, Illinois, a very in- 
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teresting mucoraceous fungus which formed zygospores of the 
Mucor type in great abundance and produced asexual spores in 
sporangioles which arise on the end of long stalks from inflated tips 
of erect hyphae characteristic of the Choanephoraceae. This 
fungus was isolated in single spore culture and has been grown 
since on a number of culture media. Sporangiole formation on a 
capitate vesicle on erect sporangiophores has been the only type 
of'asexual reproduction obtained. In the way in which it repro¬ 
duces asexually, this fungus ajipcars most closely related to Blakeslca 
and Choanephora but cannot be included in either genus as de¬ 
fined at present, and it differs strikingly from either in the way 
in which zygospores are formed. The type species, which at pres¬ 
ent represents the only one known in this new genus, is homothallic. 
The genus is being named in honor of Professor William Chambers 
Coker. 

Cokeromyces Shanor, gen. nov.'*' 

Sporangiolis globosis natis e stipitibus quae affatim nascuntur in sumniis 
siK^rangiophorum tumoribus terminalibus et capitatis; sporis nigris quae 
minime sunt striatae nee appendiculas habent radiatus; sporangiis aut conidiis 
nulHs. Zygosporae inter ramos conexivos nascuntur eodem modo ac zygo- 
sporae Mucoris vel Cunninghamellae, et non inter tortilium ramorum apices 
lit Blakesleae vel Choanephorae zygosporae. 

Sporangioles produced abundantly on stalks over the surface of 
terminal capitate swellings of sporangiophores; spores dark and not 
possessing radiating delicate cilium-like appendages; sporangia 
and conidia absent. Zygospores produced l)ctwecn short, relatively 
straight copulating branches as in Mucor or Cunninghamella and 
not between tips of twining branches as in Blakeslea or Choa¬ 
nephora. 

Cokeromyces recurvatus Poitras, sp. nov. (Figs. 1-12) 

Sporangiolis globosis quae nascuntur in cacuminibus longorum stipitum qui 
e vesiculis terminalibus crescunt sporangiophorum ramis plerumque carentium 
quae se usque ad 500 a* e substramine porrigunt; sporangiophoris plerisque 
9 m in diametro; vesiculis terminalibus 12.6-31.5 At (vulgo 21 f^) in diametro; 
sporangiolorum stipitibus 60-120 At (vulgo 80 A*) longis, 2.2 fi fere in diametro, 
recurvatis atque tortilibus cum maturuerunt; sporangiolis globosis 8.4-12.6 At 
(vulgo 10 At) in diametro, parietes foris leves sed intus reticulates habentibus, 

♦ We are indebted to Professor Revilo Oliver, Classics Department, for the 
preparation of Latin diagpioses. 
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5-30 vel plura e vesicula terminali nascuntur; sporis non unius magnitudinis 
ovoidibus vel incompositis, leves parietes habentibus, 2.5-4.5/*, quorum duo- 
decim vel plura usque ad viginti sporangiolum fert. Sporangia et conidta 
plane desunt. Zygosporae quae affatim nascuntur sive inter ramos conexivos 
e hyphis superficialibus crescentes sive ex zygosporarum iam maturatarum 
suspensoribus, hispidos liabent parietes c quibus prominentia retusa vel teretia 
vel acuta usque ad 4 /a se porrigunt. Hae zygosporae globosae fuscae et 
rubidae sunt cum maturuerunt, 33.5-54.5 /a (vulgo 43-45/t) in diametro; 
homothallicae. 

Mycelium rather slow-growing on culture media, producing re¬ 
productive structures very quickly; sporangioles formed at tips of 
long recurved stalks which arise from a terminal vesicle of usually 
imbranched sporangiophores which extend up to about 500 fx above 
substrate, usually about 325 /i high; average diameter of sporangio¬ 
phores al)out 9 fi] terminal vesicles 12.6-31.5 fi in diameter, usually 
about 21 fi; sporangiole stalks recurved and twisting when mature, 
variable in length, 60-120long, usually about 80 /a, about 2.2 fi 
in diameter with wall thicker and darker than that of the vesicle; 
sporangioles essentially globose, 8.4-12.6 /a in diameter, usually 
about 10/A, outer wall smooth, inner wall surface often reticulate 
because of a deposit, 5-30 or more formed from each vesicle, usu¬ 
ally about 20-22; spores not uniform in size, ovoid to somewhat ir¬ 
regular, commonly measuring about 2.5 by 4.5 /a, not striate, smooth- 
walled, except outer ones in .sporangioles which may have a reticu¬ 
late deposit on outer surface, usually about 12-20 per sporangiole. 
Conidia and many-spored sporangia absent. Zygospores produced 
in great abundance between copulating branches which arise usually 
from superficial hyphae, sometimes from outgrowths of sporangio¬ 
phores, and very often from suspensors of more mature zygospores, 
walls rough because of prominent, variable, blunt, rounded or 
sharply pointed projections which are up to 4 /a in length; zygo¬ 
spores globose, brown when mature, measuring 33.5-54.5 /a in 
diameter including projections, usually about 43-45 /a; homothallic. 

Developed on rabbit dung collected in Brownfield Woods, Ur- 
bana, Illinois, March 17, 1949. Type material deposited in the 
Mycological Collections of the University of Illinois Herbarium, 
Mycological Collections No. 20849. 

Growth on the original rabbit dung was very profuse, and other 
sporulating fungi were almost completely absent. Transfers to 
potato dextrose and to Blakeslee’s No. 230 media were made with 
little difficulty and single spore cultures were subsequently made 
from these. This fungus grows more slowly on agar and with 
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much less cottony aerial mycelium than any isolate of Choanephora 
or of Blakeslea we have examined and such cultures are conspicu¬ 
ously zonate. In the dark zones, sporangiophores bearing spo- 
rangioles are formed in abundance but are very rare or completely 
lacking in the lighter zones. The relative abundance of zygospores 
in the lighter and darker bands is essentially uniform. Mature 
sporangioles are distinctly blacker than mature zygospores. The 
factor or factors controlling this growth pattern have not been com¬ 
pletely determined but this seems to be influenced primarily by the 
effect of light on sporangiophore production. Walls of aerial 
hyphae, but especially those of sporangiophores, are conspicuously 
spotted with small hyaline crystals. 

Sporangiophores arise from submerged hyphae, are relatively 
straight or somewhat curved and are terminated by a definite swell¬ 
ing (figs. 1, 2, 3, 9, 10, 11 and 12). Before this vesicle has en¬ 
larged very conspicuously, the initials of the sporangiole stalks ap¬ 
pear. At first these are straight and the initial of the sporangiole 
itself soon arises as a swelling at the tip (figs. 2 and 10). During 
the period of enlargement of the sporangiole until it reaches almost 
its mature dimensions, very little elongation of the sporangiole 
stalk takes place (figs. 2, 10, and 11). At approximately the time 
a cross wall forms to delimit the sporangiole, the sporangiole stalk 
begins to elongate rapidly, recurving toward the vesicle (figs. 1, 3, 
and 12). Maturation of sporangioles appears to occur after the 
stalks have completed their elongation. 

When sporangioles are crushed an interesting feature of this 
fungus can be observed that is otherwise likely to be overlooked. 
During the formation and maturation of spores, there is deposited 
against the sporangiole wall between the outer layer of spores thin 
bands of a darkly pigmented substance that sometimes remains at¬ 
tached to the wall to form a reticulation or in other instances may 
adhere to the layer of spores next to the wall (figs. 4 and 5). 
These delicate fibrils are readily separable from the spores or spo¬ 
rangiole wall on which they may be found when sporangioles are 
crushed in water, and so could not be regarded as part of the wall, 
either of spores or of sporangioles. This material appears rather to 
be clearly a residue from sporangiole protoplasm after spores have 




Figs. 8-12. Cokeromyces recurvatus. 
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been delimited. The spores themselves (fig. 6) are smooth-walled 
with no trace of any striations or delicate radiating appendages at 
the ends, are not uniform in size and are quite variable in shape, 
usually ovoid to elliptical. 

Zygospores (figs. 7 and 8) have been formed in great profusion 
on all types of culture media on which this fungus has been grown. 
Their abundance is comparable to that o])served in cultures of 
Zygorhyfichus tndUemini or of Z. hctcrogamus when grown on 
the same media. They usually form just above the surface of the 
culture medium, either between branches from hyphae that have 
just emerged, between branches from older more extensively de¬ 
veloped hyphae, occasionally between branches of hyphae and 
branches from sporangiophores, or more frequently from branches 
from suspensors of more mature zygospores. They are in all re¬ 
spects much more like zygospores of Cmminghamclla and of most 
of the genera of the Mucoraceae than like zygospores of Choa- 
nephora or of Blakcslca where the development of zygospores is 
more like that in species of the Cephalidaceae. 

SUMMARY 

A mucoraceous fungus belonging to the Choanephoraceae, repre¬ 
senting a new genus and species, is described and named Cokero- 
myces recurvatus. The genus Cokeromyccs is distinguished from 
Blakeslca and Choanephora by its more Mucor-like zygospores, its 
formation of sporangiola only as representing asexual reproductive 
structures, and by spores that lack radiating appendages and are 
not striated. 

Department of Botany, 

University of Illinois, 

Urban A 
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Fig. 1. Characteristic sporangiophore with numerous sporangioles. X 685. 
2. Apical portion of young sporangiophore before much elongation of the 
sporangiole stalks has occurred. X 685. 3. Apical portion of small sporangio¬ 
phore hearing only five sporangioles. X 685. 4. Crushed sporangiolum show¬ 
ing the net-like deposit on inner sporangiole wall which frequently becomes 
detached and clings to spores. X 1580. 5. Three of the outer layer of 

spores with associated detached deposit. X 2160. 6. Eight spores showing 
usual appearance. X 2160. 7. Two groups of zygospores in different stages 

of development. X 685. 8. Photomicrograph of portion of culture showing 
abundant zygospores in different stages of development and three sporangio- 
phores as seen from above. X 275. 9. Photomicrograph of apical portion of 
very young sporangiophore. X 525. 10. Photomicrograph of slightly older 

condition than shown in figure 9. X 465. 11. Photomicrograph of young 

si)orangioles on vesicle shortly before elongation of sporangiole stalks takes 
place. X 400. 12. Photomicrograph of apical portion of sporangiophore 

with mature sporangioles having strongly recurved stalks. X 250. 



STUDIES ON A PLASMODIOPHORACEOUS 
PARASITE, OCTOMYXA BREVILEGNIAE 


William R. Pendergrass 
(with 29 figures) 

The nionolypic genus Octomyxa was established by Couch, 
Leitner, and Whiffen (1939). A second species of Octomyxa 
growing in Brevilcgnia linearis was found in a soil collection from 
the City Park, Florence, S. C., in June, P)47. It appeared to be 
similar to O. Achlyac but because of negative growth reactions 
on A. glomcrata and differences in the size of the galls, zoospo¬ 
rangia, and resting spores, it was believed lo be a new species and 
given the name, O. Brevilcgmac (Pendergrass, 1948). A detailed 
study of this species has now been made. 

MATERIALS AND METHODS 

Hemp seeds were used as a culture medium throughout the 
study. The host and parasite were separated from other fungi by 
placing a mass of the parasitized hyphae of Brevilcgnia on a 
2 or 3 per cent plain agar plate, then separating the hyphae 
sufficiently to allow a hypha containing a parasitic plasmodium to be 
cut out on a block of agar. The agar block was then transferred to 
one of several large drops of water in a sterile Petri dish. The 
growth on the agar block was allowed to proceed for twelve to fif¬ 
teen hours, after which a sterile split hemp seed was placed in the 
same drop of water in contact with the block. Efforts to grow 0. 
Brevilegniue with its host on agar were unsuccessful. 

Preliminary cytological studies were made using both whole 
mounts and sectioned material. As a result, it wa.^ found that the 
nuclei of the developing parasitic plasmodium undergo the ‘‘cruci¬ 
form’’ or “protomitotic” type of division (fig. 23). The hetero- 
cont, biflagellate nature of the zoospores (figs. 14, 26) was demon¬ 
strated by killing active zoospores in a drop of water on a slide 
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with fumes of 1% osmic acid and staining with gentian violet. 
The Ldfflcr flagella staining technique (Couch, 1941) was also 
used; but no tinsels were observed. 

HOST RELATIONSHIPS 

Numerous exj)criments to infect other water molds with 0. 
Brcvilcgniac were carried out. Hyphae containing the parasite 
in various stages of development were placed in contact with cul¬ 
tures of various water molds likewise in different stages of growth. 
Hemp seed cultures of Saprolcgnia ferax, S. dclica, S. dtclina, S. 
litoralis, S. niegaspcruia, A planes ireleascanits, Dictyiichus miS' 
souriensisy Isoachlya intermedia, I. itoana, /. iinispora, ApJiano- 
myces laevis, Protoachlya hypogyna, Achlya raceinosa, A. apicti- 
lata, A. colorata, A. caroliniana, A. glomerata, A. crenulata, A. 
flagellata, A. recurva, A. prolijeroides, Thraustotheca prijnoachlya, 
T. unisperma, AUomyces javanicus, A. monilifonnis, Apodachlya 
pyrifera were found to he uninfected after association with the 
parasite, whereas Ceolegnia injlata was as susceptible as B. linearis. 

DEVELOPMENT OF O. BREVILECJNIAE 

Zo()sj)ores of O. Brevilegniae have ])een seen on the hyphae of 
the host, but the actual i)enetration has not been ol)served even 
though considerable time was spent in search of such a process. 
However, it may be safely assumed that the entire zoospore passes 
into a hypha without first encysting because empty spore cases 
have never been observed on the hyphae which contained even the 
youngest stages of plasmodied develojiment. In stained material, 
one quite frequently finds uninucleate plasmodia back some distance 
from the hyphal tips. The galls, however, almost always develop 
at the hyphal tips, carried there by the streaming protoplasm of 
the host. 

This fungus produces two rather remarkable types of plasmodia. 
At the present time there is no thoroughly satisfactory explanation 
why one thallus of the parasite forms zoosporangia and another 
forms resting spores. The study of Olpidiopsis by Barrett (1912), 
however, offers the following possible explanation for this condi¬ 
tion. The zoosporangia develop while the parasite is still young 
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and plenty of food material is available, whereas the resting spores 
develop as the host matures and while the food supply is being 
exhausted. Accordingly, the parasite is provided with facilities for 
rapid propagation as well as survival during adverse conditions. 
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If a new culture is made by cutting off infected hyphae from an 
old culture and placing them in contact with a piece of hemp seed, 
new infections of the host will appear in about twenty to thirty 
hours. Heavily granular hyphae which show a slight swelling at 
the tips or at a position just behind the tips begin to appear close 
to the hemp seed. These swellings assume the typical spherical 
shape after another day of growth. As new infections continue, 
fully 65 per cent of the host hyphae may show indications of the 
parasite but later-formed galls are somewhat smaller than the first. 
Several galls have been seen in each of which there was more than 
one developing plasmodium. Yet, each plasmodium was clearly in¬ 
dependent of the others with no fusion occurring among them. 

The study of living plasmodia was made with both water im¬ 
mersion and oil immersion objectives. Tt was found that the para¬ 
site in its early stages takes a position close to the hy])hal wall near 
the tip (figs. 1, 21). In this position, there is a flow of globules 
toward the parasite along cytoplasmic threads of the host, with the 
result that there is a conspicuous accumulation of these globules 
around the plasmodium. The globules later l^ecome enclosed 
within the plasmodium. Therefore, it seems obvious that the glob¬ 
ules along with the host protoplasm are being drawn into the plas¬ 
modium as food. Host protoplavSm continues to be drawn into the 
plasmodium from the expanded hyphal tip as well as from that re¬ 
gion of the hypha below the gall. Consequently, the unwalled 
parasite increases in size (fig. 3) and soon takes up a position in 
the center of the gall (figs. 4, 22). At the same time, the plas¬ 
modium assumes an uneven, reticulate appearance such that lighter 
areas unequal in size become faintly visible within the rounded mass 
(figs. 5, 24). 

Further enlargement of the parasite takes place with the gradual 
exhaustion of the available host protoplasm. Concurrently with 
this increase in size, vacuoles may appear within the plasmodium 
(fig. 6). 

The first evidence of zoosporangial formation is the cleaving of 
the parasitic thallus into numerous rounded masses which as devel¬ 
opment proceeds gradually become more distinct (figs. 7, 8). 
Each of these spherical masses becomes a zoosporangium. At this 
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time, the young emergence papillae directed toward the host wall 
may be noticed on some of the zoosporangia. These papillae con¬ 
tain granules at first but become hyaline, the granules apparently 
flowing back into the body of the sporangium (figs. 9, 10, 11). 



Figs. 9-19. Octomyxa Brcvilcgniac . 
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Cleavage of the sporaiigial protoplasm begins as a slight furrow¬ 
ing from the center outward. The .spore initials thus have a 
rounded appearance toward the center of the sporangium with the 
opposite side conforming with the curvature of the periphery of 
the sporangium (fig. 12). 

Not all the zoosporangia in any given sorus mature simultane¬ 
ously. Only the peripheral zoosporangia have papillae. Those 
situated deeper in the gall are connected to one another and subse¬ 
quently to the peripheral sporangia by coinciding apertures in 
their closely aj^pressed sporangial walls. The exit papillae soon 
penetrate the hyphal walls and hnally rupture. Thus the zoo¬ 
spores as they mature have a passageway to the outside. It is not 
at all uncommon that an exit tube may appear at the juncture of 
two peripheral sporangia, thus forming the emergence-])()re for 
these two as well as the sporangia beneath them (fk.s. 12, 25). 
The writer, on several occasions, has seen an exit papilla which 
gave the appearance of occurring at the juncture of three and even 
four sporangia. The zoosporangial walls persist after zoo.spore 
discharge, disintegrating only after the hyphae of the host have 
broken down. They give a negative reaction for cellulose. 

Flagella are formed on the spores while they are still in the spo¬ 
rangia and considerable movement may he noted t)rior to their 
esca])e. After the sporangia become partly empty, some spores 
may iiKne from one sporangium to another and then hack to the 
sporangium in which they were formed. The first sj)ores to 
emerge from the exit pa])illae appear to be thrust out very vio¬ 
lently whereas later ones escape much more slowly. The spores 
themselves have a peculiar amoeboid posterior end which may bear 
one or two delicate protoplasmic processes (fig. 13). After the 
body of the spore has passed through the exit pore, these delicate 
posterior processes usually become hung in the papilla whereupon 
the spore frees itself only after a violent struggle. 

Swimming actions of the spores were quite difficult to follow. 
Some spores exhibited either a rocking motion or a trembling move¬ 
ment whereas others swam in a nearly straight path rotating clock¬ 
wise on their axes, as viewed under the microscope, with the long 
posterior flagellum being much less active than the short anterior 


one. 
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I he development of resting spores takes place in plasmodia very 
similar to those from which zoos])orangia are formed, but it is not 
easy to distinguish between the two. However, the plasmodia 
which form resting spores are noticeably darker, due to their much 
heavier granular contents. Spore formation begins as a rounding 
up of the unwalled plasmodium into masses which approximate the 
size of the future resting spores (kios. 15, 27). These future 
spores are rather hard to distinguish and can liest be seen on the 
periphery of the plasmodium as a roughened border. Gradually, 
the roundness of the spore initials becomes more evident until 
finally individuals are distinguishable. y\t this time, there is no 
indication of an octant grouping and the initials themselves are 
without definite walls. Once the spores become mature, the groups 
of eight can be readily seen (fio. 16). Rarely one finds groups 
containing seven or nine spores. Although there is no membrane 
or wall around the groups of eight spores, each group remains in¬ 
tact even after the host wall has disintegrcited and the groups are 
floating in the water. 

In view of the ini])ortance of determining the ultimate fate of the 
resting spores, efforts were made to stimulate their germination. 
TTeliminary endeavors consiwSted simply of cutting from the hemp 
seed several hy])hae containing an appreciable number of cysto.sori 
galls, placing the hyjdiae in a large drop of sterile water on a .slide 
and housing the slide in a damp chamber. Observations were made 
twice a day for seven days but no indications of germination were 
noted. Alternate wetting and drying wbich Jahn (1905) found 
ini])ortant in the germination of the spores of certain Myxomycetes 
proved fruitless with the resting s])ores of O. Brevilcgniac. In 
addition, spore galls were subjected first to a temi)eralure of 36° 
C. for two days, then to a temperature of 0° C. for an equal length 
of time and vice versa for a second group of galls, but again re¬ 
sults in both cases were negative. Further germination studies 
were made by placing cultures of B. linearis, which contained rest¬ 
ing spores, into watch glasses, some of which were filled with sterile 
charcoal water and others with spring water. The watch glasses 
were then placed in a cabinet with the temperature maintained at 
23° C. to 28° C. Nevertheless, the resting spores failed to germi¬ 
nate. Finally, resting spore galls w’ere treated ^ dth a number of 
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Figs. 20-29. Ociomyxa Brevilegniae. 
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decoctions. The first of these decoctions was made by boiling 
about 50 imparasitized cultures of B. linearis in 60 cc. of distilled 
water for 15 minutes after which the liquid was filtered and steri¬ 
lized. Drops of the filtrate were placed on a series of slides to 
which spore galls varying in age from 2 weeks to 2 monihs were 
added. Examination, however, show^ed only negative results for 
all ages of spores treated. As for the other decoctions, 20 grams 
of lima bean seedlings (roots and old cotyledons removed), old 
leaves of rock chestnut oak, new leaves of southern red oak, crushed 
corn seeds, pine needles, and crushed green peas were each boiled 
in 60 cc. of distilled water for 15 minutes, filtered, and sterilized. 
Spores were placed in filtrates of each of the six above-mentioned 
decoctions as well as in filtrates which were diluted with distilled 
water in ratios of 3: 1, 1: 1, and 1: 3. The pi I of these decoctions 
ranged from 4.1 for the pine needles to 7.7 for the green pea de¬ 
coction. No germinations were obtained in atiy of these de¬ 
coctions. 

Although the actual germination of the resting spores has not 
been observed, many of the groups of eight spores have been seen 
upon which wart-like protrusions had formed (ek',. 18). Proof 
that the resting spores do germinate was supported by the finding of 
many octads of empty spore cases each with a delicate pore in its 
wall (kk;. 19). Further circumstantial evidence of germination 
was obtained from cultures. New growths of the parasite on B. 
linearis were obtained on hemp seeds which had been placed in 
contact with old (94 days) infected cultures of the host following a 
change to Petri dishes with fresh water. Conseciiiently, it would 
appear that spore germination took place and that a period of aging, 
such as Ziegler (1948) found necessary for zygote germination in 
members of the Saprolegtiiaceae, is necessary in order to obtain 
positive results. 

SUMMARY 

0. Brevilegniae was found to be an obligate p:<rasite on Brevi- 
legnia linearis and Geolegnia inflata. Infection of the host hypha 
is by a zoospore. No spore case is left on the hypha. All regions 
of the hyphae are susceptible to penetration, but the galls are pre¬ 
dominantly formed at the hyphal tips. Increase in size of the 
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vegetative thallus is correlated with a reduction in quantity of the 
host protoplasm in the infected hypha. The plasmodium which is 
to form zoosporangia rounds up into homogeneous masses. Cleav¬ 
age of spores from these sporangial initials is from the center out¬ 
ward. Only the peripheral zoosporangia have exit papillae. 
Those situated deeper in the gall are connected to one another by 
coinciding apertures in their walls and subsequently to those with 
papillae. One papilla may appear at the juncture of two or perhaps 
even three or four peripheral sporangia. Motile zoospores have 
an amoeboid posterior end as well as a short anterior flagellum and 
a long posterior flagellum which ends in a whip lash. Resting 
spores are derived from plasmodia similar to those from which 
zoosporangia originate, l)ut the former plasmodia are darker in ap¬ 
pearance than the latter. These plasmodia are cleaved predomi¬ 
nantly into groups of eight spores. Germination of the resting 
spores seems to be dependent upon an aging period. The em])ty 
spore case showed a delicate ])ore through which the spore emerged. 
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EXPLANATION OF FIGURES 

All drawings approximately X 735 excei)t figure 23 

Figs. 1-4. Early stages of parasite development. Fig. 5. Plasmodium 
with reticulate appearance. Fig. 6. Plasmodium with vacuole. Figs. 7, 8. 
Young zoosiKjrangia. Fig. 9. Emergence papillae forming. Fi(;s. 10, 11. 
Cleavage of spores. Fig. 12. Exit papilla shared by two sporangia. Fig. 13. 
Sketch of active zoospores. Fig. 14. Stained zoospores with whip lash. 
Fig. 15. Cleavage of resting spores. Figs. 16, 17. Resting spore galls. 
Fig. 18. Octad of resting spores, three of which are exeysting. Fig. 19. 
Empty cysts with pores. Fig. 20. Several galls of Octomyxa, X 75. Fig. 
21. Parasite close to hyphal wall, X 755. Fig. 22. Plasmodium in center of 
gall, X 575. Fig. 23. Plasmodium stained with Gram’s gentian violet tech- 
niciue. Small photograph of entire plasmodium at left, X 690. Three nuclei 
in “Protomitotic” division enlarged from original photograpli, X 2770. J'ig. 
24. Zoosporangial plasmodium mature in size, X 755. Fig. 25. Zoosporan- 
gial gall sliowing exit papilla, X 755. Fig. 26. Zoospores stained with 
Loftier technic|ue, X 755. Fig. 27. Cleavage of resting spores, X 755. Fig. 
28. Resting spore gall, X 575. Fig. 29. (iroups of free resting spores, X 575. 



TWO NEW SPECIES OF HIRSUTELLA 
PATOUILLARD 

Fran. E. Fisher 
(with 4 figures) 

During the suniiner and fall of 1948, epizootics were observed of 
two economically important arthropods, rust mites [Phyllocoptriita 
oleivora (Ashm.) | and purple scales (Lcpidosaphes bcckii Newm.), 
on Citrus in Florida. The occurrence of a fungus consistently as¬ 
sociated with dead first instar nymphs of purple scales was reported 
by Fisher et al. (2), and tentatively identified as a species of Hirsit- 
iella. Later, a fungus on dead rust mites was also reported (1) as 
probably being Hirsntella sp. Further study has shown that these 
fungi on dead rust mites and dead first instar nymphs of pur])le 
scales are not only separate and distinct species, but also are species 
which have not previously been described. 

Both of these fungi are easily recognized under a dissecting mi¬ 
croscope with a magnification of 15 X. On young purple-scale 
nymphs, the Hirsntella exhibits an extensive growth of mycelium 
which originates from the ventral surface of the insect’s body. Only 
a few hyphae are present on rust mites; these hyphae typically ex¬ 
tend posteriorly or anteriorly from the mite’s body, but, occasionally, 
lateral hyphae are found. The direction of the mycelial growth 
depends upon the portion of the mite’s body from which the hyphae 
emerge. For instance, if a hypha emerges from the posterior re¬ 
gion of a rust mite’s body, the typical growth of that hypha will 
be a direct extension posteriorly from the body. 

Since the larger-bodied scales give rise to a fuller mycelium than 
do the smaller-bodied mites, the variations between the two species 
were at first considered to be non-specific and to be directly related 
to the food supply. It has been found, however, that the dissimi¬ 
larities between these two species are not only in size and extent of 
mycelium, but also in the shape of the phialides and the spores, and 
the color of the older mycelia. 
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Morphologically, neither of these species of Hirsutella is entirely 
typical of the genus. Although the conidiophores are characteristic 
of Hirsutella^ the production of synnemata has not been observed 
on rust mites and only two synnemata have been found on young 
purple-scale nymphs. Other workers have observed that when 
growing with an insufficient supply of food often the synnemata 
are not produced, but, instead, single hyphae. Therefore, it would 
appear that these species do belong to the genus, Hirsutella, but 
that they grow on such small hosts that they can not, or only in¬ 
frequently, produce synnemata. 

Each of these species exhibits a specificity as to host. The spe¬ 
cies which attacks first-instar purple scales has not been found on 
rust mites and mcc versa. Neither of these species has been ob¬ 
served growing on any other insects which are found on Citrus. 

Whether or not these fungi are responsible for the periodic epi¬ 
zootics of young purple scales and rust mites remains to be proved. 
However, if they are not parasitic they both appear to be specific 
indicators of one particular disease of each of the two arthroj)ods. 

Hirsutella Besseyi sp. nov. on Lepidosafiies beckii Newm. 

Entomogena. Synnematibus plerumque deficietitibus sed raro praesentibus. 
Mycclio prime albo, deinde ciiiereo vel brunneo; hyphis ercctis vel procum- 
bentibus, 3.3-5.8itt diani., septatis; conidiophoris a lateic vcl erectis, rigidis, 
attenuatis, supra hyalinis infra leve fuliginis, 29.9-74.7 longe; phialidibus 
acuminatis 2.5-4.9M X 21.6-66.4 typice in sterigmata attenuatis, 8.3-19.9 m 
longe, aliquando 1-3 additicia sterigmata minus 8.3 fi ab phialidis apici gignen- 
tibus; conidiis ad apicem, hyalinis, anguste elongatis sed citriformis a capsula 
gelatinosa visis, 2.5-5.8 /a X 4.1-8.3 M. Rhizoidibus digitatis. 

Hab. in nymphorum prime instar Lepidosaphes hcckii, in feliis Ciiri spp. 
prope Lake Alfred, Florida, Amer. Ror. Aug., 1948, Febr., 1949, et Mart., 
1949. 

Entomogenous. Synnemata infrequently ])roduced. Mycelium 
white, later gray to brown; hyphae erect or decumbent, 3.3-5.8/I 
in diameter, septate; conidiophores lateral or erect, rigid, tapering, 
hyaline above, pale fuliginous below, 29.9-74.7 /x in length; phia- 
lides acuminate, 2.5-4.9/ut X 21.6-66.4 typically attenuated into a 
sterigma 8.3-19.9 /x in length, occasionally 1-3 additional sterig¬ 
mata developing within 8.3 ft of phialidal apex; conidia apical, hya¬ 
line, narrowly elongate but appearing lemon-shaped due to a gelati¬ 
nous capsule, 2.S-S.8ft x 4.1-^.3/x. Rhizoids digitate. 
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On first instar nymphs of Lepidosaphes beckii Newm., on leaves 
of Citrus spp., vicinity of Lake Alfred, Florida. August, 1948, 
February and March, 1949. 

It has been observed by the author that occasionally large num¬ 
bers of first-instar purple scales, which are typically white in color, 



Fig. 1. Hirsutclla Besseyi. 


become yellow and a high mortality follows. A species of Hirsu- 
tella has been found to be consistently associated with nymphs ex¬ 
hibiting the abnormal yellow color. 

The mycelium was well developed over the dorsal surface of the 
host, and was attached to the leaf surface by digitate rhizoids. 
With a hand lens the fungus appeared translucent to silvery white 
in color. Older specimens appeared gray to brown. 
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In early stages the mycelium was fine, hyaline, and septate,, later 
developing thicker cell walls and becoming pale fuliginous in color. 
Hyphae occurred singly, averaging 4.0 fx in diameter, ranging from 
*3.3/A to 5.8/X. Closely associated parallel hyphae have not been 
frequently observed. Typically, synnemata were not produced, 
but in two instances have been found. Figure 1 shows a first-in¬ 
star nymph of purple scale with a well-developed mycelium bearing 
conidiophores and conidia. 

1 he fungus fruited abundantly. The conidiophores were lateral 
or erect and produced regularly on the mycelium. The ])hialides 
were acuminate in shape and attenuated into a long sterignia. 
Occasionally one to three additional sterigmata occurred within 
8.3 fjL of the apex of the phialide. Phialides bearing more than one 
sterignia were more commonly observed in older specimens than 
in young specimens. Each sterignia bore a single, narrowly 
elongated spore which was surrounded by a gelatinous matrix, or 
capsule, thereby giving the spore the appearance of being lemon¬ 
shaped. Figure 2 shows two conidiophores each of which is at¬ 
tenuated into one sterignia bearing a conidiuni. 

In naming this species, it is the desire of the author to honor a 
great mycologist, teacher, and friend, I'xnst A. Bessey. 


Hirsutella Thompsonii sp. nov. on I^hyllocoptruta oleivora 

(Ashm.) 

Entomogena. Synnematibus deficientibus. Mycelio prinio albo deinde 
grisco; hypliis procunibentibus, 1.7-3,3 m in diam., breve septatis; conidio- 
phoris a latere vcl erectis, rigidis, hyalinis, 10.8-16.7^1 longe; phialidibus 
coiiicis ad .strobiloidibus, 3.3-4.9 X 5.4-9.9 M, typice in dua sterigmata at- 
tenuatis, \.7-6.7 M', saepe uno stcrigmato vcl aliquando tribus sterigmatis apice 
gigiientibus; conidiis apicibus, hyalinis, ovoidis vel rolundis, citriformis a 
oapsula gelatinosa visis, 2.1-3.3 X 2.1-3.3 Rhizoidibus digitatis. 

Hab. in Phyllocoptruta oleivora (Ashm.) in foliis Citri spp. prope Lake 
Alfred, Florida, Amer. Bor. Aug., 1948, Febr., 1949, ct Mart., 1949. 

Entomogenous. Synnemata not produced. Mycelium white, 
later grayish; hyphae decumbent, 1.7-3.3/x in diameter, short- 
septate; conidiophores lateral or erect, rigid, hyaline, 10.8-16.7/x 
in length; phialides conoid to strobiloid, 3.3-4.9 X 5.4-9.9/x, typi¬ 
cally attenuated into two sterigmata, 1.7-6.7 but frequently 
only one sterigma or occasionally 3 sterigmata develop at apex; 
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Fig. 2. Mycelium, phialides, and si)()rcs of Hirsutella Bcsscyi. 645 X. 
Fig. 4. Mycelium, phialides, and spores of Hirsutella Thompsonii. 645 X. 

conidia apical, hyaline, oval to round, may appear lemon-shaped 
due to a gelatinous capsule, 2.1-3.3 X 2.1-3.3 /x. Rhizoids digitate. 

On Phyllocoptruta oleivora (Ashm.) on leaves of Citrus spp., 
vicinity of Lake Alfred, Florida. August, 1948, February and 
March, 1949. 

Type specimens of Hirsutella Besseyii and H. Thompsonii have 
been deposited in the Herbarium of the University of Florida, 
Gainesville, Florida, the Farlow Herbarium, at Harvard University, 
Cambridge, Massachusetts, and the Herbarium of the Common¬ 
wealth Mycological Institute, Kew, Surrey, Flngland. 

During October, 1948, an epizootic of rust mites occurred in an 
unsprayed control plot at Lucerne Park, Florida. Large numbers 
of the living mites exhibited a dark yellow to tan color rather than 
the light lemon-yellow color which is typical of healthy rust mites. 
The characteristics of these abnormal mites correspond to the 
description by Speare and Yothers (3). Following the occurrence 
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of these large numbers of off-colored mites, a high mortality re¬ 
sulted in the rust mite population. In association with the death 
of the mites a fungus identified (1) as a species of Hirsutella was 
consistently found to be present on the mites. 

Mites which had been dead for a short time and which exhibited 
a dark yellow to light brown color were mounted for examination. 



Fig. 3. Hirsutella Thompsonii. 
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Some of these mites contained one or more strands of a fungus my¬ 
celium growing longitudinally through the body. On mites which 
had been dead for a longer period of time, hyphae were growing 
apparently from the interior through both the anterior and posterior 
portions of the body. In some specimens lateral emergence of the 
hyphae occurred. The anterior and posterior emergence of 1-4 hy- 
phae was typical. Under a hand lens, the fungus was silvery-white 
in color. 

During all stages of growth the mycelium was fine and hyaline. 
The mature hyphae were septate. Hyphae averaged 2A fx in diam¬ 
eter, but ranged from 1.7 ft to 3.3 ft. All of the hyphae occurred 
singly, did not adhere laterally in synnemata, and were attached to 
the leaves by digitate rhizoids. Figure 3 shows a rust mite wfith 3 
young hyphae growing from both the anterior and the posterior 
regions. The three hyphae growing from the anterior portion of 
the mite’s body emerged through three of the mite’s legs. Several 
hyphae can be seen extending longitudinally through the body of 
the mite. 

The fungus fruited rather abundantly. Conidiophores were 
lateral or erect and were produced regularly on the mycelium. 
Fhialides were conoid to strobiloid and attenuated into one or more 
sterigmata. Although one sterigma was frequently produced by 
each phialide, the phialides seemed to be typically terminated by 
two sterigmata, and occasionally three sterigmata were observed on 
one phialide. Each sterigma bore one oval or round spore sur¬ 
rounded by a gelatinous matrix, or capsule, which in some cases 
gave the spore a lemon-shaped appearance. Figure 4 shows my¬ 
celium bearing three phialides one of which bears tw'o sterigmata. 

This species is named to honor a colleague, W. L. Thompson, 
who has been instrumental in developing the spraying schedule for 
Citrus in Florida, and who provided the author with the first 
specimens. 
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A MEDIUM FOR THE GROWTH AND 
MAINTENANCE OF THE YEAST¬ 
LIKE PHASE OF HISTOPLASMA 
CAPSULATUM 


E. H. Tits WORTH and E. Grunbero * 

(with 1 figure) 

The production and maintenance of the yeast-like phase of Histo- 
plasma capsulatum is known to he difficult. Numerous media have 
been recommended such as blood agar (Conant, 1941) and Francis’ 
cystine glucose agar (Campbell, 1947). These solid agar modifi¬ 
cations have, however, a disadvantage in that transfers must be 
made at short intervals and the yeast-like phase is not obtained 
consistently. 

^ During recent experiments, in an attempt to obtain the yeast-like 
phase of H. capsulatum, the egg-yolk-potato medium commonly 
used for the growth of Mycohacicrium tuberculosis was found to be 
of value. Twenty-three strains of H. capsulatum which were ob¬ 
tained from Vanderbilt University were found to develop a yeast- 
kke phase on this medium within one to two transfers if grown 
at 37° C. These cultures have maintained their yeast-like phase 
on repeated subculture for a minimum period of thirty days. 

The formula and preparation of the egg-yolk-potato medium 
(Savsano and Medlar, 1943) is as follows: 

A. Potato base 


Potato—peeled and finely ground 200 gm. 

Glycerol 60 nil. 

Citric acid 0.2 gm. 

Bacto-hemoglobin 5 gm. 

H=0 1000 ml. 


* From the Chemotherapy Laboratories, Hoffmann-La Roche Inc., Nutlcy, 
N. J. 
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Autoclave at 15 lbs. pressure for 30 minutes. Filter through a 
double layer of gauze. Flask in 500 ml. (piantities and autoclave at 
15 lbs. pressure for 30 minutes. 

B. llgy-yolh mixture 

Clean eggs, soak in 80 per cent alcohol for 2 hours. Decant al¬ 
cohol and dry eggs by flaming. Separate whites from yolks into 
a sterile graduate. A proportion of one whole egg to eleven egg 
yolks is used. Filter egg plus egg-yolk through a double layer of 
sterile gauze. 



Fig. 1. Yeast-like growth of Histoplasma capsulatum. 

Mix 500 ml. of the sterile egg-yolk filtrate with 500 ml. of 
sterile potato-base. Add 10 ml. of sterile 10 per cent congo red. 
Dispense the mixture into sterile test tubes or Petri dishes as de¬ 
sired and inspissate in free-flowing steam in the autoclave with 
no pressure for one hour. Incubate for sterility. 
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All test tubes or Petri dishes should be kept well sealed with 
paraffin or parafilm to preserve moisture. 

An example of the type of yeast-like growth obtained on first or 
second transfer from the mycelial phase is depicted in figure 1. 
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NO BRACKYMEIOSIS IN PYRONEMA 
CONFLUENS 


Hilde E. Hirscii 
(with 6 figures) 

"J'hc question whether two reduction divisions occur in the life 
cycle of at least some ascomycctes is one which was argued vehe¬ 
mently for over 30 years. Swingle (1934) has given an excellent 
summary of the numerous reports supporting or denying the oc¬ 
currence of two nuclear fusions (one in the ascogonium and one in 
the ascus), and their necessary consequence, double chromosome 
reduction or “brachymeiosis.” The organism which has played 
a central role in these investigations and discussions is the well 
known Fyroncma conflueus Tul. [P. ompJialodcs (Bull.) Fuckelj. 

More recently, the genetical and cytological work clone on a 
number of ascomycetes has served to strengthen the view that 
brachymeiosis does not occur. The present brief note is intended 
to present some i)hotomicrographs of preparations obtained with 
the acetocarmine smear techni(|ue which, in the opinion of the 
writer, show that in the classical P. conflueus the claims of two suc¬ 
cessive reductions in chromosome number are erroneous. 

Materials and methods: The strain of P. conflueus was obtained 
through the courtesy of Dr. H. N. Hansen. It is the common 
form and not identical with Brown's var. inigneum which is able 
to grow on unheated substrates and is apogamous (Brown, 1915). 
The fungus was grown on Hansen and Snyder’s medium (1947), 
consisting of plain agar mixed with pieces of pea straw which 
have been sterilized by propylene oxide. In the diffuse light uutside 
a north window, it produced apothecia readily and in large quanti¬ 
ties. They were fixed in a solution consisting of 1 part glacial 
acetic acid saturated with iron acetate (Cave and Kattenbury, un¬ 
published), 2 parts absolute alcohol and 3 parts ether, and stained 
with iron-acetocarmine. 

Description of photomicrographs: Figure 1 shows an early ana¬ 
phase of the first meiotic division in the ascus. 24 Chromosomes 
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Figs. 1-6. Division figures in Pyronema. 
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Figs. V-6'. Drawings of figs. 1-6. 
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are visible, 12 (bivalents) going to each pole. Figures 2 and 3 
show the anaphase of the third division in two of the fovir visible nu¬ 
clei in one ascus. Similarly, in another ascus, figure 4 shows an 
early anaphase of the third division in one nucleus, and figure 5 in 
two other nuclei. Figure 6, finally, shows three third division nu¬ 
clei in still another ascus. All the nuclei seen in figures 2-5 contain 
more than 12 chromosomes (although not all 24 can be counted in 
any one photograph), indicating that more than 6 will pass to each 
pole. 

Discussion: According to Gwynne-Vaughan and Williamson 
(1931), the number of chromosomes in the germinating spore, the 
cells of the apothecial sheath, paraphyses, etc., is 6 (the haploid 
number) ; in the ascogenous hyphae it is 12, and in the definitive 
ascus nucleus there are 12 geniini (4n). In the third division in 
the ascus, according to these authors, the number is again reduced 
to 6. Our observations, on the contrary, confirm the reports of 
Claussen (1912) and of Moreau and Moreau (1931), which state 
that 12 chromosomes go to each pole in the third division, the 
haploid number being 12. The writer has not been able to count 
chromosomes in either the somatic cells or the ascogenous hyphae, 
but in the conjugate division in the crozier, approximately 12 chro¬ 
mosomes were seen. 

No attempt was made to observe the behavior of the male 
and female nuclei in the ascogonium after fertilization, though the 
movement of the antheridial nuclei through the trichogyne was 
seen. However, if no brachymeiosis occurs in the ascus, as we 
believe to have shown, no nuclear fusion in the ascogonium would 
be expected. 

The argument remains that different strains of the fungus may 
differ with regard to their nuclear behavior. Unfortunately, the 
original strain of Gwynne-Vaughan and Williamson appears to have 
been lost, but the strain occurring in Britain should also be reex¬ 
amined with the modern smear technique.^ 

Department of Botany, 

University of California, 

Berkeley, California 

^Olive’s re-investigation of Patella melalome (Science 110: 185 (1949)), 
published after the above note went to press, has recently shown that in that 
fungus, too, the claim of brachymeiosis was erroneous. 
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EXPLANATION OF FIGURES 

Fig. 1. Fir.st division of the definitive a.scus nucleus, early anaphase. 12 
chromosomes (bivalents) moving to each pole. Fig. 2. Anapha.se of third 
division, four nuclei are visible. In the third nucleus from the tip the chro¬ 
mosomes can be counted. Fig. 3. The same ascus as in figure 2, focused to 
show the chromosomes in the second nucleus from the tip. Fk;. 4. Another 
four-nucleate ascus. Chromosomes can be counted in the left middle nucleus. 
Fig. 5. The same ascus as in figure 4, focused to show the chromosomes in 
two other nuclei. Fig. 6. Third anaphase in another ascus. Three nuclei 
visible. All figures about 1750 X. 



THE GENUS GIBELLULA ON SPIDERS 
IN NORTH AMERICA ^ 

E. B. Mains 
(with 14 figures) 

In 1894 the genus Gihcllula was proposed by Cavara (4) based 
on Gibclliila pulchra (Corethropsis pulchra Sacc.). Since then a 
number of species have been described mostly on spiders. In 1932 
Fetch (18) published a paper concerning the genus, placing most 
of the names in synonymy and recognizing only two species, G, 
araneamm (Schw.) Syd. and G. alata Fetch. The latter is de¬ 
scribed as a new species on spiders from Ceylon. G. araneamm is 
given as occurring on spiders and possibly on insects (locustids 
and membracids) throughout most of the world. Gibellula elegans, 
which is placed in synonymy with G. araneamm, was described by 
F. Hennings (8) on locusts from Java. It is doubtful that a spe¬ 
cies on locusts is the same as one on spiders. The identity of G. 
phialobasis on spiders from Java also is doubtful. If the descrip¬ 
tion and illustration given by Fenzig and Saccardo (15) are cor¬ 
rect it is distinct from G, araneamm. Gibellula formosana Sawada 
(23) has been reported on a moth from Japan but its assignment 
to the genus Gibellula is very doubtful. Kobayasi (10) states that 
it belongs very near Isaria japonica. In 1949, the writer (11) de¬ 
scribed G. formicamm on an ant from Liberia. 

For North America, three species have been reported, Gibellula 
araneamm, G. arachnophila and G. capillaris. Morgan (13) de¬ 
scribed G. capillaris in 1905 from a collection on an insect at Fres- 
ton, Ohio. His description does not suggest a Gibellula. Through 
the kindness of G. W. Martin, the type specimen, which is in the 
Herbarium of the University of Iowa, has been seen. It consists of 
only small fragments from which it was not possible to reach a con- 

^ Paper from the Herbarium and the Department of Botany, University of 
Michigan. The cost of excess illustrations has been paid by the Herbarium 
of the University of Michigan. 
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Figs. 1-3. Torrubiella arachnophila var. pulchra. 
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elusion concerning its identity. Both Fetch (18) and Vera K. 
Charles (5) have decided that the species does not belong in 
Gibellula. It is doubtful that its identity can be established. As 
shown later the name G, arachnophila has been misapplied. Ac¬ 
cording to the treatment by Fetch (18) one species, G. aranearuin, 
is found in North America. 

In a study of collections in the Farlow Herbarium,- the Her¬ 
barium of the New Yorfe Botanical Garden, the Mycological Col¬ 
lection of the U. S. Bureau of Flant Industry, and the Herl)aria of 
the University of Michigan and of Cornell University, tw’O species 
of Gihellula have been found to occur on spiders in North America. 
One is that described by Cavara (4) as Gihellula pulchra in estab¬ 
lishing the genus. It produces a mat of yellow mycelium cover¬ 
ing the host and often attaches the host to the substratum. From 
the mycelium numerous cylindric synnemata (fig. 1) arise. These 
consist of more or less parallel, longitudinal, loosely bound hyphae 
(fig. 2) and are covered on the outside by a network of brownish, 
asperulate hyphae which are loosely attached to the synnemata. 
The conidiophores develop from the outer loose mycelial covering of 
the synnemata or from the mycelium covering the host (figs. 1, 4). 
They arise from inverted T- or F-shaped cells of the outer mycelial 
covering, one arm of such cells forming the base of the conidiophorc 
(fig. 2). The conidiophores vary considerably in length and con¬ 
sist of 2-6 cells; all except the terminal cell have brownish, asperii- 
late walls. The terminal cell of the conidiophore has a hyaline, 
smooth, or very minutely roughened wall. At its point of attach¬ 
ment it is narrower than the cell to which it is attached (fig. 3). 
It enlarges above from a slender neck becoming broadly obovoid 
or ellipsoid in the upper part. The terminal cell bears a number 
of broadly obovoid prophialides. From the upper portion of each 
prophialide 6-8 narrowly clavate phialides are produced. From 
their apices the conidia develop. The cluster of prophialides and 
phialides form spherical heads, 40-50 fi in diameter (fig. 3). The 
conidia apparently are produced in succession from the apices of 

2 The writer is indebted to W. Lawrance White, Donald P. Rogers, John 
A. Stevenson and Miss K. E. Kindleberger for the loan of specimens for 
this study. 
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Figs. 4-6. Torrubiclla arachnophila var. pulchra. 
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the phialides. They usually are found attached singly but in some 
collections adhere in short chains. 

The synnemata with the loose mycelial covering and scattered 
conidiophores have the appearance of a stilbaceous fungus para¬ 
sitized by an Aspergillus or Sterigmatocystis (fig. 1). Saccardo 
(22) described it as Corethropsis pule hr a attacking an Isaria. 
Cavara (4), recognizing its true nature, established the genus 
Oibellula for it and published a good illustration. It also has been 
well illustrated by Speare (25) under the name G. suffulta. 

Fetch has placed G. pulchra in synonymy under the name G. 
aranedritm (Schw.) Syd., although Sydow (26) described G. 
aranearum as a new species without any reference to Schweinitz. 
Isaria aranearum was described by Schweinitz (24) in 1822. 
Fries (7) published the species in his Systema Mycologicum with a 
description evidently taken from Schweinitz. Unfortunately a 
specimen no longer exists in the Schweinitz Herbarium at the 
Academy of Natural Sciences of Philadelphia or in the Michener 
Herbarium, Mycological Collections, Washington. Therefore it 
is not possible to determine the microscopic characters of the spe¬ 
cies and establish with certainty its identity. The description 
given by Schweinitz is not sufficient to definitely establish the ap¬ 
plication of the name to one of the species of fungi parasitic on 
spiders. 

Isaria arachnophila Ditm. on spiders has been reported by sev¬ 
eral authors who give descriptions and illustrations of a Gibellula 
and Vuillemin (28) transferred it to that genus. Fries (7) in 
his Systema Mycologicum included other hosts besides spiders for 
/. arachnophila. However, the name and his reference to Bitmaps 
description and illustrations indicate that /. arachnophila should 
be applied to a fungus on spiders. It seems evident from Ditmar's 
(6) illustrations that /. arachnophila is not a Gibellula, It ap¬ 
parently is a Hyrnenostilbe as Fetch (17) has pointed out. 

Wallroth (29) described a species on spiders under the name 
Isaria tartarea. His description does not indicate Gibellula pulchra, 
which appears to be the first name which can be applied to the spe¬ 
cies with certainty. The species has since been described and 
named Gibellula stiffulta by Speare (25), G. arachnophila by 
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Johnston (9), C. Haygarthii by Bijl (1) and G. aranearmn by 
Sydow (26). 

The other species of Gibellula in North America differs from the 
preceding in several important aspects. It produces conidiophores 
that are usually much shorter. Often the terminal cell arises di¬ 
rectly from the side arm of a cell of the outer mycelial covering of 
the synnema (figs. 11, 12). The length of the conidiophore is 
usually determined by the length of the side arm of the myceli^ll 
cell which may be so short that the terminal cell is practically" ses¬ 
sile on the mycelium (fig. 11) or may be as long as 40 /x (fig. 12). 
Occasionally there may be an additional cell between the terminal 
cell and the mycelium. The broadly obovoid terminal' cell of the 
conidiophore does not have a narrow neck like that of the preceding 
type but enlarges from a base which is as broad as the cell to which 
it is attached (fig. 12). The prophialides are produced from the 
upper part of the terminal cell and with the phialides form hemi¬ 
spherical to wedge-shaj)ed heads (fkjs. 11, 12), differing thus 
from the spherical heads of the preceding species. The. conidio- 
phores are usually closely crowded, especially over the upper por¬ 
tion of the synnema (figs. 9, 10). The almost sessile heads give a 
tufted appearance to the synnemata which even under low magnifi¬ 
cations makes this species easy to distinguish from the preceding 
(compare figs. 7 and 8 with 1 and 4). Fetch (18) apparently 
discusses these species as variations of G. aranearmn. He places 
most emphasis on length of the conidiophores and states that in 
some collections of the second type there is a transition from stalked 
to sessile heads on the same synnema. In such specimens seen by 
the writer the shapes of the terminal cells and heads of the conidio¬ 
phores are distinctive. These distinctions justify the recognition 
of two species. 

The second species has been described and illustrated by Oude- 
mans (14) and Boudicr (3) under the name Isaria arachnophila 
Ditm. Vuillemin (28) also has discussed and illustrated it under 
the name Gibellula arachnophila (Ditm.) Vuill. giving Isaria arach¬ 
nophila Ditm. as a synonym. Fetch (18) also concluded that Wall- 
roth (30) described this species under the name /. arachnophila 
Ditm., “tegmen tartareum” referring to the tufted condition of the 
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Figs. 7-10. Torrubiella arachnophila var. pleiopus. 
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synnemata. As has already been stated I, arachnophila Ditni. is 
doubtless a Hymenostilbe and the name therefore has been mis¬ 
applied to a Gibellula. 

In 1920 Maublanc (12) proposed two forms of G, arachnophila, 
forma macropus Vuill. and forma leiopus Vuill. Although they 
were distinguished mostly on the lengths of the conidiophores the 
illustrations of Maublanc and Vuillemin (28) indicate without 
much question that forma macropiis is G. pulchra and forma leiopus 
is the second species under discussion. As already stated these are 
separated by other important differences. Therefore the name 
Gibellula leiopus (Vuill.) comb. nov. is proposed for the second 
species. 

Among the North American collections a few specimens of both 
(7. pulchra and G. leiopus bear perithecia. In the perithecial stage 
they show no important differences. The perithecia develop in 
the mycelium covering the host and are at first embedded except 
for their apices. The shrinkage of the mycelium in herbarium 
specimens leaves the perithecia only partly embedded but usually 
with a thin covering of hyphae on the lower portions (figs. 5, 6, 
13, 14). The asci are long and narrow, containing eight filiform 
multiseptate ascospores. The perithecial stages of these fungi 
place them in the genus Torrubiella, 

Under the name Cordyceps arachnophila, Johnston (9) in 1915 
described perithecia associated with synnemata of a Gibellula on 
spiders from Cuba. Tlis dc.scription is that of a Torrubiella. 
Johnston implies that the species had previously been described since 
he makes the following statement. “The perfect stage of a Gibel¬ 
lula has at least in one ca.se been described as a Cordyceps. What 
appears to be this species has been .studied by the writer in Cuba.'’ 
He does not give a reference to the place of publication or the au¬ 
thority for the species. Apparently the only previous use of the 
name was by Thaxter (27) in 1914. In a paper concerning the 
genus Aschersonia he states that the perithecial stages of some spe¬ 
cies of Aschersonia “might at first be mistaken for the common 
Cordyceps {Torrubiella) arachnophila, which is often found on 
leaves with or without its imperfect or Isaria {Gibellula) condition.” 
A description is not given and the name therefore was not validly 
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Figs. 11-14. Torrnbiella arachnophila var. plciopus. 
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published. As far as the writer has been able to determine John¬ 
ston’s publication of Cordyceps arachnophila is the first description 
of perithecia associated with a Gibellula on spiders. Since the 
fungus is a Torruhiclla the combination Tortibiella arachnophila 
is proposed. Johnston describes the conidial stage under the 
name Gibellula {Isaria) arachnophila without a reference to Ditmar 
or to other authorities. His description indicates that it is Gibel¬ 
lula pulchra. All the collections cited are from Puerto Rico. It 
is not certain whether the conidial stage accompanying the perithecia 
of the Cuban material is the same. 

Fetch (18) in 1932 reported perithecia of a Torrubiclla occurring 
in four collections having conidiophores of Gibellula aranearmn' 
and has described the ])erithecial stage under the name Torrubiella 
gibelhilae Fetch. In these collections synnemata were lacking, the 
conidiophores occurring on the mycelium with the perithecia. 
Fetch does not describe the conidiophores which accompany the 
perithecia. Torrubiclla gibcllulae appears to be the same as T, 
arachnophila. 

In general the species of Torrubiclla on spiders show less marked 
differences in their perithecial stages than in the conidial. The 
description of /, flava Fetch on spiders does not indicate important 
differences from /. arachnophila. This conclusion is supported by 
specimens of the two species determined by Fetch in the Farlow 
Herbarium. However, Fetch (16) states that the conidial stage 
of /. flava is a Hirsutclla and therefore it is very distinct in its 
conidial stage. Several other species of Torrubiella on spiders also 
show much greater differences in their conidial stages than in the 
perithecial. Torrubiella aranicida Bond., the type of the genus, is 
reported by Boudier (2) as having Isaria cuneispora Bond, as its 
conidial stage. Fetch (19) states that Cephalosporium aranearum 
Fetch is the conidial stage of Torrubiclla alba Fetch, Spicaria 
longipes Fetch (20) that of T. gonylcpticida (Mdller) Fetch and 
Cylindrophora aranearum Fetch (21) that of 7. albolanata Fetch. 
It is not possible at the present to determine specific limitation and 
relationships of the species of Torrubiella. This must await a 
restudy of the genus as a whole. It does not seem advisable there¬ 
fore to propose additional species of Torrubiella on spiders on the 
differences which have been noted. These differences, however, 
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are sufficient to justify the recognition of two varieties of Torru^ 
hiella arachnophila distinguished by their conidial stages, and con¬ 
sequently Torrubiella arachnophila var. pulchra with Gibellula 
pulchra Cavara as its conidial stage and T. arachnophila var. leiopus 
with G. leiopus (Vuill. ) Mains as its conidial stage are proposed. 

In the following descriptions (FH) indicates that the specimen 
is in the Farlow Herbarium, Harvard University, (NY) in the 
Herbarium of the New York Botanical Garden, (W) in the Myco- 
logical Collections Bureau of Plant Industry, Washington, (M) in 
the Herbarium of the University of Michigan and (C) in the Her¬ 
barium of the Department of Plant Pathology of Cornell Uni¬ 
versity. 


Torrubiella arachnophila (Johnston) comb. nov. 

Cordyceps arachnophila Johnston, Bui. l^orto Rico Insular Exp. 
Sta. 10: 23. 1915, 

Torrubiella gibcllulae Petch, Ann, Mycol. 30: 391. 1932. 

Perithecia arising from a yellow to yellowish white mat of my¬ 
celium covering the host, scattered or crowded in small groups, 
at first embedded in the mycelial covering except for the apices, be¬ 
coming more or less superficial, the lower portions covered with 
a thin layer of hyphae, light yellowish brown to reddish brown 
above, narrowly ovoid to conoid, 550-1200 X 230-350 ju.; asci nar¬ 
rowly cylindric, 450-660 X 4-6 fi, the wall thin, thickened into a 
cap at the apex, 4-5 /x thick; ascospores filiform, hyaline, nearly as 
long as the asci, 1.5 fi wide, multiseptatc, tardily breaking into one- 
celled fragments, the cells 4-10 /x long. 

Torrubiella arachnophila var. pulchra var. nov. (figs. 1-6) 

Status conidicus Gibellula pulchra (Sacc.) Cavara, conidiophoris 2-4 septa- 
tis, 150-600)^ longis, cellis terminalis attenuatis deorsum late ellipsoideis vel 
obovoideis sursum, gerentibus capitula spherica. Perithecia ovoidea, 900- 
1200 X 300 M, ascis cylindricis, 600-660 X 5-7 u, ascosporis filiformibus, multi- 
septatis. Specimen typicum in araneis, Burbank, Tenn., R. Thaxter, 4122, 
Aug. 1896, in Herb. Mich. 

The distinctive conidial stage of the variety is Gibellula pulchra 
for which the following description is given. All the collections 
listed have the conidial stage.. The one collection with perithecia 
is noted. 
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Gibellula pulchra (Sacc.) Cavara (figs. 1-4) 

Alt. Instit. Bot. Univ. Pavia Ser. II, 3: 347. 1894. 

Corethropsis pulchra Sacc., Michelia 1: 83. 1877. 

Corethropsis australis Speg., An. Soc. Cient. Arg. 13: 24. 1882. 

Gibellula stiffulta Speare, Phytopath. 2: 137. 1912. 

Gibellula arachnophila Johnston, Bui. Porto Rico Insular Exp. 
Sta. 10: 24. 1915. Not Gibellula arachnophila (Ditni.) Vuill. 

1911. 

Gibellula arachnophila f. macropus Vuill. apud Mauhlanc, Bui. 

Soc. Mycol. France 36:41. 1920. 

Gibellula Haygarthii Bijl, Trans. Roy. Soc. S. Africa 10: 149. 
1922. 

Gibellula aranearum Syd., Engler’s Bot. Jahrb. 62 : 321. 1922. 

Synnemata arising from a yellow or yellowish mat of mycelium 
covering the host, cylindric, yellowish Ijrown to violaceous brown 
when dried, more violaceous when fresh, sometimes slightly en¬ 
larged above, 3-9 mm. long, 100-300 ft thick below, 200-400 ft 
thick al)ove, consisting of multiseptatc somewhat loosely bound 
longitudinal hyphae; conidiophores arising from the mycelium 
covering the host or from a network of brownish asperulate hyphae 
loosely attached to the surface of the synnemata, 150-600 ft long, 
7-12 ft wide, the lower 3-5 cehs brownish, asperulate, the terminal 
cell hyaline, smooth, 2-3.5 ft thick below, enlarging from a slender 
neck into a broadly ellipsoid or obovoid head, 6.4-10 ft wide bear¬ 
ing up to 12 broadly ol)ovoid prophialides measuring 6-12 X 
4-^ ft, each prophialide in turn bearing at the apex clusters of 6-8 
narrowly clavate phialides measuring 6-10 X 2-3 ft, the prophialides 
and phialides forming spherical heads 30-42 ft in diameter; conidia 
fusoid to fu.soid-ellipsoid, 2.5-6.4 X 1.5-2.5 ft, produced in suc¬ 
cession from the apices of the phialides, occurring singly or in 
short chains. 

On spiders. 

Delaware: Noanian’s Creek, Brandywine Hd., Aug. 16, 1892, A. Commons 
(NY). 

Maine: York, Aug. 1895, R. Thaxter (FH 6247), Sept. 1895 (FH 6239) ; 
Millinocket, 8-23-40, Steinmetz (C 29183). 

Massachusetts: Waltham, Sept. 1886, R. Thaxter (FH 6268) ; Canton, 
Aug. 1936, A. M. & D. P. Rogers 2091 (NY). 

North Carolina: Cranberry, 1887, R. Thaxter (FH 6253). 

Tennessee: Burbank, Aug. 1896, R. Thaxter, perithecia, type (M and FH 
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4122) ; Cades Cove, Great Smoky Mt. Nat. Park, Aug. 20, 1939, D. H. 
Linder (FH). 

Puerto Rico: Rio Piedras, Aug. 31, 1913, J. R. Johnston (FH 6283) ; Rio 
Piedras, Dec. 27, 1913, J. R. Johnston (FH 6282) ; San Juan, March 2, 1923, 
G. N. Walcott (W); Arecibo, Faxon, Mills & Anderson 2940 (W) ; Barce- 
loneta, Nov. 20, 1934, C. G. Anderson & A. S. Mills (W) ; Pueblo Viejo, 
Faxon, Anderson and Mills (W). 

The following collections from outside of North America have been seen. 
Venezuela: Margarita, June 1948, Blakeslee (FH 754) ; Aragua, April 5, 
19^8, Carlos E. Chardon, H. H. Whetzel, A. S. Muller 2786 (C) ; Central 
Lucinda, Yaracuy, Carabobo, Jan. 8, 1938, Carlos E. Chardon 2444 (C) ; 
Rancho Grande, Aragua, March 28, 1939, E. Chardon, H. H. Whetzel, A. S. 
Muller 3235 (C). 

British Guiana: C B. Williams, Aug. 28, 1916 (FH 748). 

Trinidad: 1912-13, R. Thaxter (FH 2572); Maraval Valley, 1912-13, 
R. Thaxter (FH 2574) ; Port-of-Spain, 1912-13, R. Thaxter (FH 6222B, 
6223) \ Maraval Reservoir, Port-of-Spain, Feb. 8, 1913, R. Thaxter (FIl 
6124) ; La Seiva Valley, May 6, 1913, R. Thaxter (FH 2564) ; St. Anne 
Valley, June 1913, R. Thaxter (FH 2571) ; Feb. 1917, J. B. Rorer (FH 
639, 2566) ; Port-of-Spain, J. B. Rorer (FH 2585). 

Chile: Corral, 1905-06, R. Thaxter (FH 6119B). 

Territory Hawaii: Kokee, March 9, 1898, C. L. Shear (W). 

New Guinea: Morobe, Nov. 11, 1939, Mrs. Clemens (W). 

Torrubiella arachnophila var. pleiopus var. nov. (figs. 7-14) 

Status conidicus, Gibellula pleiopus (Vuill.) Mains, conidiophoris 1-2-septa-' 
tis, brevibus, cellis terminalibus late obovoideis vel obpyriformibus non attenu- 
atis deorsum, gerentibus capitula hemisphericia, cuneiformia vel obconica. 
Perithecia ovoidea, 550-900 X 230-350 At, ascis cylindricis, 400-600 X 5-6 
ascosporis filiformibus, multiseptatis. Specimen typicum, Newfane Hill, Ver¬ 
mont, Aug. 1940, V. K. Charles in Herb. Mich. 

The distinctive conidial stage of the variety is Gibellula pleiopus 
for which the following description is given. All the collections 
listed have the conidial stage. The few with perithecia are so 
noted. 


Gibellula pleiopus (Vuill.) Mains (figs. 7-12) 

Gibellula arachnophila f. pleiopus Vuill. apud Maublanc Bui. Soc. 
Mycol. France 36: 42. 1920. 

Synnemata arising from a yellow to whitish mat of mycelium cov¬ 
ering the host, cylindric, 1.5-5 mm. long, 80-300 fi thick, consisting 
of multiseptate longitudinal hyphae somewhat loosely bound to¬ 
gether, light grayish br^wn to violaceous brown when dried, often 
reported as violaceous when fresh, the surface having a tufted ap- 
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pearance; conidiophores very short, often scattered on the lower 
part of the synnemata, usually crowded on the upper part, especially 
over the apices, arising from a network of lirownish, asperulate hy- 
phae loosely attached to the surface of the synnemata, usually the 
lower portion of a conidiophore being a lateral arm of a cell of the 
hyphal net, the terminal cells usually produced directly on the sid(‘ 
arms, occasionally having an intermediate cell, the lower portion of 
the conidiophore brownish and asperulate, the terminal cells hyaline 
and smooth below as wide as the hypha to which it is attached, en¬ 
larging upward, broadly obovoid or obpyriform, 10-18 X 4.5-8 /x, 
bearing a number of prophialides on the upper portion, the pro- 
])hialides broadly obovoid to ellipsoid, 7.5-12 X 3-5 /x, bearing u]) 
to 4 phialides at their apices, the phialides narrowly clavate to sub- 
cylindric, 7.5-12 X 2.5-3.5/m, the walls thin below, slightly thick¬ 
ened at the apices, the prophialides and phialides together forming 
wedge-shaped to broadly obconic heads, 30-50 /x across; conidia 
fusoid to fusoid-ellipsoid, 3-8 X 1-2 /x, produced successively from 
the apices of the phialides, occurring singly or in short chains. 

On spiders. 

Maine: Kittery Point, Aug. 1886, R. Thaxter (FH 6260) ; Kittery Point, 
July 1886, R. Thaxter (FH 6270) ; Kittery Point, Sept. 1891, R. Thaxter 
(FH 650) ; Kittery Point, 1895, R. Thaxter (FH 6251) ; Kittery Point, 
R. Thaxter (FH 6206). 

Maryland: Newficld, Oct. 10, 1875, Ellis Coll. (NY). 

Massachusetts: Woods Hole, Sept. 22, 1881, Trelease (FH) ; Waltham, 
Sept. 1886, R. Thaxter (FH 6272) \ Canton, July 11, 1936, D. H. Linder 
(FH) ; Hamilton, July 18, 1937, D. L. Vickar (FH); Harvard Forest, 
Petersham, Aug. 19, 1949, C. Alexopoulos and C. '1'. Rogerson 31H6 (M). 

New Hampshire: Chocorua, Aug. 1904 (FH) ; Chocorua, Sept. 1906, 
W. G. Farlow (FH) ; Chocorua, Aug. 4, 1907 (FH) ; Shelbourn, Aug. 8, 
1940, V. K. Charles (W). 

New York: Coy Cjlen, Ithaca, Aug. 22, 1935, J. A. Stevenson (W). 

North Carolina: Cranberry, 1886-1887, R. Thaxter (FH 6159) ; CranlxTry, 
Aug. 1887, R. Thaxter (FH 755. 6263) ; Cranberry, 1887, R. Thaxter (FH 
6261A) ; Cranberry, Aug. 2, 1896, R. Thaxter, perithecia (FH 6169), 

New Jersey: Newfield, March 29, 1896, Ellis Coll. (NY). 

Vermont: Newfane Hill, Aug. 1939, V. K. Charles, perithecia, several 
collections (M, W) ; Newfane Hill, Aug. 1940, V. K. Charles, perithecia, 
type (M, W) ; Newfane Hill, Aug. 1941, V. K. CharU s several collections 
(W). 

Virginia: Great Falls, June 11, 1919, C. H. Kauffman (M); Hoover 
Camp, Nov. 1, 1935, J. A. Stevenson (W) ; Mountain Lake, Sept. 4, 1936, 
A. E. Jenkins (W) ; Mountain Lake, Sept. 4, 1936, J. A. Stevenson (W) ; 
Limberlost, Sept. 9, 1937, V. K. Charles (W) ; Sept. 9, 1937, J. A. Stevenson 
(W). 
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Wisconsin: Madison, 1882, Trelease (FH) ; Madison, Nov. 19, 1884, Wm. 
Trelease (FH 6420), 

Nova Scotia: Brookside, July 13, 1931, L. E. Wehmeyer 1015,1015A (M). 
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EXPLANATION OF FIGURES 

Figs. 1-6. Torrubiella arachnophila var. pulchra. Figs. 1-4, the conidial 
stage, Gibellula pulchra; 5, 6, the perithecial stage. Fi(i. 1. Synnemata aris¬ 
ing from the host showing scattered conidiophores, X 15. Fig. 2. Conidio- 
phores arising from the outer loose mycelium of a synnema, X 280. Fig. 3. 
Upper portion of a conidiophore .showing asperulate wall of a lower cell, 
narrow neck of the terminal cell and spherical cluster of prophialidcs, phialides 
and conidia, X 700. Fig. 4. Showing conidiophores arising from the my¬ 
celium as well as from a synnema, X 150. Fig. 5. Perithecia partly embedded 
in the mycelium covering the host, X 15. Fig. 6. Perithecia, X 80. 

Figs. 7-14. Torrubiella arachnophila var. pleiopus. Figs. 7-12, the co¬ 
nidial stage, Gibellula pleiopiu; 13, 14, the perithecial stage. Fk;. 7. .Synne¬ 
mata arising from the host, X 3. Fig. 8. Synnemata showing tufted surface, 
X 15. Fig. 9. Short synnema showing the short conidiophores in a compact 
layer, X 100. Fig. 10. Upper portion of a synnema showing tufted conidio¬ 
phores, X 100. Fig. 11. Showing conidiophores consisting of a wedge-shaped 
head of prophialides and phialides borne on sessile terminal cells, X 200. 
Fig. 12. Conidiophore consisting of a short asperulate cell, obovoid terminal 
cell and wedge-shaped head of prophialides and phialides, X 500. Fig. 13. 
Perithecia partly embedded in the mycelium covering the host, note asso¬ 
ciated synnemata, X 15. Fig. 14. Perithecia, X 80. 



A NOTE ON NAUCORIA MYOSOTIS 

Alexander H. Smith ^ 

(with 1 figure) 

This striking species of our northern regions and bogs was 
transferred to Flammtda by Singer (Rev. de Myc. 2: 241. 1937) 

and placed in the subgeniis Phaeo-Naematolonia of Flaimnula. 
Favrc has given a detailed account of the fungus (Bull. Soc. Myc. 
Fr. 52: 143. 1936). In setting up his subgenus Singer was im¬ 

pressed by the resemblance of the fungi he placed here to the 
slender species of Nacmatoloma such as N. iidum, N. ericemn, etc. 
He made no mention of the characteristic naematolomoid pleuro- 
cystidia in his diagnosis of the subgenus. Presumably, the mem¬ 
bers of this group did not possess them and that, of course, would 
be a good reason for excluding the species from Naematoloma. 

In connection with a work which is in progress on Galerina, 
North American collections of N, Myosotis were examined to 
check the possibility of placing the species in that genus. All 
our collections were found to have the characteristic pleurocystidia 
of the genus Naematoloma. Since Favre made no mention of 
such organs in his account of the species, an examination of 
specimens kindly sent us ])y Favrc was made. Pleurocystidia of 
the Naematolofna type were found; in fact from our study it was 
clear that no significant differences l^etween the American and 
European specimens existed. 

Smith (Mycologia 40 : 670. 1948) pointed out previously that 

if the group of genera Stropharia, Nacmatoloma and Psilocybc were 
to be established on a natural as opposed to an artificial basis, spore 
color in deposits would have to be given less emphasis than was 
given it in the Friesian classification, i.e,, some species with dark 
brown spore deposits, but with all the anatomical and morpho¬ 
logical features of these genera, would have to be admitted to them. 

1 Papers from the Herbarium aild the Department of Botany, University 
of Michigan, Ann Arbor, Michigan. 
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Naucoria Myosotis is a good representative of this group and is 
hereby transferred to Naematoloma. 

Naematoloma Myosotis (Fr.) comb. nov. (= Agaricus Myosotis 
Fr. Syst. Myc. 1: 290. 1821) 

Pileus (10) 15-30 (40) mm. broad, l)roadly conic to convex, 
glabrous except occasionally with scattered veil remnants along the 
margin, edge often appendiculate, viscid to glutinous, evenly “medal 
bronze” to “citrine” (olivaceous or greener), evenly colored, opaque 
when young but before fading becoming brownish and striatulate, 
near olive buff faded; flesh dull greenish, pliant, odor and taste not 



Fig. 1. Spores and cystidia of N, Myosotis: a, b, c, d, e, f—from sm-33~988. 
g and h—from a collection by Favr^. 
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distinctive: lamellae adnate to shallowly adnexed, equal to slightly 
ventricose, subdistant, broad, whitish at first, then pale olivaceous 
and finally brown from the spores, edges minutely white fimbriate 
and eroded; stipe (6) 10-15 (20) cm. long, 2-5 mm. thick, very 
rigid, equal, hollow, covered to line formed by the broken veil by 
white to olivaceous veil fibrils in patches or zones, densely pruinose 
above. 

Spores 14—17 X 7-9/a, narrowly inequilateral in side view, nar- 
rovyly ovate in face view, ochraceous tawny in KOH and smooth 
to very slightly wrinkled (as revived in KC)H), the wall relatively 
thick, apical pore present but apex not truncate; basidia four- 
spored, projecting when sporulating, hyaline in KOH, 26-34 X 
9-11 /i.; pleurocystidia present, 35-46 X 10-13 /a, vcntricose-mu- 
cronate or with several protuberances over upi)er portion, some 
ventricose with broadly rounded apices, hyaline and homogeneous 
in water mounts of fresh material but with a highly refractive 
amorphous content variously dispose<l as revived in KOH; cheilo- 
cystidia abundant, 32-46 X (6) 8-12 /a, the broadest cells usually 
with highly refractive content, narrowly ventricose and apices ob¬ 
tuse, thin-walled; gill trama subparallel, olivaceous to yellow in 
KOH; pileus trama with a well differentiated gelatinous pellicle of 
hyphae 3-5 fx diam., cells beneath much larger and yellow in KOH 
(content olivaceous fresh), clamp connections present. 

Habit, habitat and distribution: Gregarious on wet humus along 
edges of bogs, late summer and fall. It is typically northern in its 
distribution. The description is from Smith 33-988, Huron Mts., 
Sept. 16, 1933, Mains and Smith. The drawings are from this 
collection and one by Favre from the Alps. 



NOTES AND BRIEF ARTICLES 

ARTICLE 57 

Charles Gardner Shaw ^ 

Article 57 has been cited so many times in discussions of nomen- 
clatorial problems that most mycologists interested in such matters 
should be able to quote it verbatim. Nevertheless, the first two 
paragraphs of the article are reprinted once again. 

Art. 57. Among Fungi with a pleomorphic life-cycle the different suc¬ 
cessive states of the same species (anamorphoses, status) can bear only one 
generic and specific name (binary), that is the earliest which has been given, 
starting from Fries, Systema, or Persoon, Synopsis, to the state containing 
the form which it has been agreed to call the perfect form, provided that the 
name is otherwise in conformity with the Rules. The perfect state is that 
which ends in the ascus stage in the Ascomycctcs, in the basidium in the 
Basidiomycctcs, in the teleutospore or its equivalent in the Urcdinalcs, and 
in the spore in the Ustilafjinales. 

Generic and specific names given to other states have only a temporary 
value. They cannot replace a generic name already existing and applying 
to one or more species, any one of which contains the “perfect” form (2, 3). 

It has been stated recently (in a discussion of Milcsina vs. 
Milesia) that a name “given” with a description of an imperfect 
state of a fungus is also “given” to the perfect state of the same 
fungus, even though no mention of the perfect state is made, if 
reexamination proves that the perfect state is actually present in 
the type material (4, p, 250-251). The argument is carried fur¬ 
ther in a discussion concerning .llbitgo and Cystopits (5, p. 432- 
433). 

The applicability of Albugo and of Cystopus Lev. to the perfect state 
depends not on whether the authors who published them recognized the 
presence of oospores, but on whether oospores were present in their speci¬ 
mens. To argue otherwise would be to discard, as names applied to the 
imperfect state, all names applied to Basidiomycctes without recognition of 

1 Assistant Professor and Assistant Pathologist, Division of Plant Pathol¬ 
ogy, State College of Washington. Published as Scientific Paper No. 896, 
Agricultural Experiment Stations, Institute of Agricultural Sciences, State 
College of Washington, Pullman, Washington. 
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:he presence of basidia—i.e., most names published before 1837, and many 
ater ones. It seems reasonable to suppose that at least a part of the material 
:hat Persoon (or Gray) and Leveille had in hand contained oospores, even 
hough the authors did not describe them. It is therefore submitted that 
heir names are not renderetl “of only temporary value” by Article 57 (5). 

I cannot agree that a name has been “given"’ to a state which 
the author of that name did not mention in any way in his descrip¬ 
tion. Nor do I believe that this doctrine necessitates abandoning 
tnokt early names for Ascomycetes and Basidiomycetes. 

A name published without a description is a Nomen nudum 
(Art. 37). A name publi.shed on printed labels attached to her- 
barium packets and distributed with the specimens does not consti¬ 
tute valid publication of that name (Art. 37), unless there is also 
a description (or reference to a previously published description), 
in spite of the fact that the specimen contained in the packet may 
be the best material that any past, present, or future mycologist 
might wish. The name printed and published on the packet in 
which that specimen is contained is a Nomen nudum, in spite of 
the fact that the name has a type. In other words, article 37 takes 
precedence over article 18. Stated another way the binomial on 
the packet is not “in conformity with (all) the Rules” (Art. 57). 

It is my contention that article 57 as now worded makes Nomina 
f>rovisiora of all binomials “given” to anything other than the per¬ 
fect states of ple(3morphic fungi. In this connection the following 
excerpt of article 57 is important: “The earliest (name) . . . 
given ... to the state containing . . . the perfect form, provided 
that the name is otherwise in conformity with the Rules/' 1 inter¬ 
pret this to mean that article 37 (as well as all the rest of the 
Rules) mu.st be complied with. Therefore, the name “given” to 
the perfect state must be a validly published name for that 
state, i.e., it must be “accompanied by a description ... or 
by a reference to a previously and effectively published descrip¬ 
tion” of that state (Art. 37). (The wording of article 57 would 
certainly be improved if “given . . . to” were changed to “validly 
published for.”) 

If descriptions of the perfect state are necessary to validate names 
among the Oomycetes and Uredinales, then they are also required 
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for the perfect states of other groups Ascornycetes and 

Basidioniycetes). Rogers, then, sees a possibility that many of 
the earlier generic names applied to Basidioniycetes may be in¬ 
valid (4, 5). This may be the main reason for his arguments 
against the necessity of a description of the perfect state. 

Any attempt to circumvent the requirement of a published de¬ 
scription for the stage on which the nomenclature of an organism 
is based must be resisted. 

The size of any fungus collection is limited; the number of co¬ 
types into which the original collection can be divided is usually 
small and consequently distribution of the type material is limited. 
Often the original collection is sufficient for but one specimen 
which is deposited in a single herbarium. Neglect, the ravages 
of time, repeated examination of the type by an ever increasing 
number of mycologists, or other acts of man could destroy all of 
the type material of a given species. 

The printed word is much more permanent. Once a publication 
is distributed, neither a single catastrophe nor even several simul¬ 
taneous catastrophes are likely to destroy all copies of a given 
publication. Publications are man made. When the reservoir of 
a publication becomes depleted, it can be reproduced (as has been 
done with Saccardo's “Sylloge’’ and as has been proposed for cer¬ 
tain works of Persoon, Fries, Sydow, etc.). Therefore publica¬ 
tions have permanency. 

The material contained in a type collection is not man made and 
cannot be reproduced by man or otherwise exactly duplicated when 
it is lost or destroyed. It is an unassailable fact that the last 
sentence of article 18 now applies to many species; it is my con¬ 
tention that time only will determine the date when it must be 
applied to all but the most recently discovered species. ‘'Where 
permanent preservation of a specimen or preparation is impossible, 
the application of the name of a species ... is determined by 
means of the original description or figure'* (Art. 18). 

A description then has greater permanency, not to mention 
greater accessibility, than the original specimen. Furthermore a 
description of the perfect state must be “given" (i.e., validly pub¬ 
lished) if article 57 and the rest of the Rules are complied with. 
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The law on this point is not contained in article 18 (4, p. 251), 
but rather in the Rules as a whole. 

Even so article 57 does not necessitate abandoning a great many 
of the earlier names given to Basidiomycetes and Ascomycetes. 
Let us determine what the perfect state is. Rogers has gone into 
this thoroughly and concludes “the one meaning of ‘state’ that 
makes sense with the whole text of the Rule and with all the ex¬ 
amples is ‘fructification’” (4, p. 246). With this I agree. The 
second sentence of article 57 then reads: “The perfect fructification 
is that which ends in the ascus state in the Ascomycetes, in the 
basidium in the Basidiomycetes, in the teleutospore or its equiva¬ 
lent in the Uredinales, and in the spore in the Ustilaginalcs” Note 
it is not stated that the perfect fructification is the ascus, the 
basidium, the teleutospore, or the spore respectively, but merely 
“that which ends” in these structures, i,e., the ascocarp, the basidio- 
carp, the telium, and the smut sorus. 

Since previous discussions concerning this point have used the 
Oomycetes, the Uredinales, and the higher liasidiomycetes as ex¬ 
amples, the same examples are used here. What is the perfect 
fructification (state) in the Oomycetes? It is the oogonium and 
the oospore(s) contained therein (and possibly also the antherid- 
ium). There are no surrounding sterile fungous structures mak¬ 
ing up a part of the fructification. The oogonia (containing 
oospores) are scattered throughout the cortical tissues of the host; 
there may be a great many or a very few in a given specimen, but 
there is no organization into a more complex structure. Thus, the 
perfect fructification in the Oomycetes is the oogonium and its 
contents, the oospore (or oospores). In order to comply with 
article 57 and the rest of the Rules, the oogonium and its contents 
must be described. I have indicated elsewhere that article 57 as 
now worded does apply to the Phyconiycetes (6). 

In the Uredinales the perfect fructification is the telium or teleu- 
tosorus (“that which ends ... in the teleutospore or its equiva¬ 
lent”). The telium is essentially a mass of teliospores, although 
in some species {e,g,, Puccinia allii) paraphyses are present, and 
in some microcyclic rusts (e.g,, Endophyllum sempervivi) a perid- 
ium is present (1). The telium (the perfect fructification) then, 
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whatever its shape, structure, and component parts, is the structure 
which must be described if article S7 is complied with. (Rogers 
(4, p. 241) has pointed out that in the authoritative French text 
of the Rules (3) Uredo is considered an imperfect state.) It 
seems doubtful that a telium can be described adequately without 
mentioning its primary, and freiiuently only, morphologically sig¬ 
nificant component, the individual teliospores. 

Tn the Homobasidiomycetes the perfect fructification (state) is 
a much more complex structure than that of either the Oomycetes 
or the Uredinales. The basidiocarp is usually composed of several 
distinct tissues and many different structures of which the ])asid- 
ium is but one. Furthermore, here, to a much greater extent than 
in the two previously cited groups, the perfect fructification ex¬ 
hibits many macroscopic characters which can be described and 
used as taxonomic criteria. The basidiocarp (the perfect fructi¬ 
fication) then is the structure which article 57 recpiires be de¬ 
scribed ; article 57 does not require that the basidium itself be 
described. The situation in regard to the Ascomycetes is similar 
to that in the Basidiomycetes; the ascocarp must be described, not 
necessarily the ascus. 

The comparable perfect fructifications in the groups discussed are 
the oogonium and its component parts (few in number), the asco¬ 
carp and its component parts, the telium and its components (again 
few in number), and the basidiocarp with its component parts. 
The oospore, the ascus, the telio.spore, and the basidium are not 
fructifications, but in each case merely a component part of a 
perfect fructification. 

If the reasoning presented above is accepted, it becomes neces¬ 
sary to conserve Cystopus de Bary vs. Cystopiis Blunic (4). It 
is so proposed. Concerning Milesina Magnus vs. Milesia F. B. 
White no conservation is necessary since Milesina conforms with 
the Rules, while Milesia as published was a Nomcn provisiorum. 
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CONCKRNING THE CONSERVATION OF THE NaME RiIODOPHYLLUS 

Rogers (Farlowia 3: 474-5) is not in favor of conserving this 
name against Acurtis, Entoloma, etc., on the grounds that it is 
superfluous, and he doubts that conserving it would stabilize no¬ 
menclature or avoid disadvantageous changes. He rejects the 
name Acurtis as being based on an “imperfect state.” The genus 
Acurtis was based on the carpophoroid stage of Rhodophylius 
abortiviis, Rogers apparently assumes that the “perfect state” 
in Basidiomycetes is the basidium. I have a letter from Singer 
dated Jan. 31, 1940, which he states that “Acurtis does form 
basidiospores in some individuals.” This evidence, is sufficient 
to vitiate Rogers’ reason for rejecting Acurtis. 

However, I am not willing to accept the thesis that the basidium 
itself is the perfect state in the gill fungi. At present the rules 
read “The perfect state is that which ends ... in the basidium 
in the Basidiomycetes. . . .” This clearly applies to the fruiting 
stage in the gill fungi. As far as this group of fungi is concerned 
nothing could be clearer, and any proposed changes in article 57 
which might confuse the situation in this group should not be 
accepted by the coming Congress. Let us consider what a* failure 
to conserve Rhodophyllus will mean; 

1. For those who believe, as I do, in the current broad concept 
of Rhodophyllus, all pink-spored agarics with angular spores 
will have to be transferred to Acurtis, This will mean sev¬ 
eral hundred new combinations. 

2. Those who are willing to disregard the name Acurtis, but 
who still use the broad concept of the genus will be forced to 
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use Entoloma and if so, only about two hundred new trans¬ 
fers will be necessary. 

3. Those who wish to maintain most of the Friesian groups 
intact as genera, but who believe that species with smooth 
longitudinally striated spores (Clitopilus) are generically 
distinct from the angular spored species with decurrent gills 
(Acurtis) f will have to use Acurtis if they follow the rules 
and thus introduce another generic name, and one which has 
never been used, in the gill fungi. To me this is clearly a 
disadvantageous change. 

It seems to me that all of Rogers’ reasons for voting against 
the conservation of the name Rhodophyllus have been effectively 
answered. Further discussion would merely belabor the question. 
In .summary, however, it might not be out of order to mention the 
advantages to be gained l)y conserving the name. 

1. Those who use the broad concept of the genus have an admir¬ 
ably descriptive name which is now in use by the majority 
of specialists in the gill fungi. 

2. Most of the transfers have already l)cen made so definite 
stability of names will be attained. 

3. It will not be necessary to introduce a previously unused 
generic name for any of the fungi involved. 

It is admittedly most unfortunate that Quelet did not use one 
of his previously e.stablished names when he set uj) his concept of 
Rhodophyllus. But since the name has gained wide acceptance, in 
this case it is bc.st to keep it. In the question of Drosophila vs. 
Psathyrclla the o])posite is true since both are in use by specialists, 
and the proponents of Drosophila cannot present a ca.se for its 
conservation which is parallel to that of Rhodophyllus. — Alex¬ 
ander H. Smith. 

Concerning the Authorship of Marssonia 

The first fungus collection referred to the genus Marssonia 
appeared in Rabenhorst’s Fungi europaei exsiccati, no. 1857 
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(1874) as Coleroa potentillae (Wallr.) Fr. with the collection 
note “leg. Fisclier (sub nom. *Marssonia potentillae Fisch').’' 
The botanist Fischer's given namr has never been revealed any¬ 
where in the extensive literature concerning Marssonia. Although 
Magnus (Hedwigia 45: 88-91. 1906.) later substituted the name 
Marssonina for Fischer's Marssonia, the identity of Fischer should 
be c»f historical interest. After a series of articles by Arthur 
(Phytopath. 23: 559-561 ; S4l, 1933.) and Spalding (Phytopath. 
23 : 203-204. 1933.) concerning the authorship of the rust species 

Cronartif^m rihicola, H. Sydow (Ann. Myc. 32: 115-117. 1934.) 

estabhihed the author to be Johann Carl (Karl) Fischer, a botanist 
of Stralsund, Pomerania. The specimens of both C. rihiiola and 
M. potentillae were collected and named by Fischer at Stralsund 
and distributed in Rabenhorst's Fungi europaei exsiccati as nos. 
1595 and 1857, respectively. In addition, Magnus (1906) de¬ 
picted the author of Marssonia as “der Stralsunder Lehrer 
Fischer.^ These and related facts leave no doubt that the author 
of Mars, mia ^vas Johann Carl Fischer. —Paul L. Lentz. 


Notice 

Dr. Bruno Schussnig, formerly of the University of Vienna, is 
engaged in prepariiig .nanui^ript of the second volume of his 
^‘V,.rgieichende Morphologic der Niederen Pflanzen.” If you can 
spare reprints of your mycological papers, please send these to 
him at his present address: i nnsbruck-Igls, Austria. 
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NEIL EVERETT STEVENS, 1887-1949 

C. L. Shear 

Neil Kverett Stevens was born April 6, 1887, in Portland, Me., 
and died in Urbana, Til., on June 26, 1949. PI is ancestors were of 
H'.nglish extraction. His father used to refer to the family as 
“Maineacs.” His first ten years were spent at Portland where he 
attended the public schools. Unfortunately 1 have no record of 
this period, which must have been of great importance in determin¬ 
ing his character and intellectual development. His early life being 
confined to the city, he missed the intimate contact with nature and 
agricultural operations without which the investigator of practical 
agricultural and horticultural problems is somewhat handicapped. 

Tn 1897 the family moved to Auburn, Maine, where Neil gradu¬ 
ated from high school in 1904. Plis education was continued at 
Bates College, w^here he graduated with the degree of A.B. in 
1908. He then pursued graduate studies at Yale, receiving the 
Ph.13. degree in 1911. That he must have been above the average 
in his class is indicated by his election to Phi Beta Kappa and 
Sigma Xi. He took his collegiate honors lightly. He had no 
P.B.K. key until recently, when his family made him a present 
of one. 

In 1914 he married Maude Bradford, also from Maine, who was 
his faithful helpmeet and companion to the end. There are three 
children, twin sons, Russell Bradford (Ph.D. Wisconsin), asso¬ 
ciate professor of botany, University of .Tennessee; Carl Mantle 

[Mycologia, for March-April (42: 199-332) was issued 
April 13, 1950] 
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2nd (Ph.D. Illinois), associate professor of chemistry in the State 
College of Washington, and Mary Christine, the wife of Lt. James 
McCray, U. S. Army. 

He was a member of the following organizations: American 
Phytopathological Society, vice-president 1933, president 1934; 
Botanical Society of Washington, secretary 1928, president 1931; 
American Association for the Advancement of Science Council 
1933; Mycological Society of America Council 1932; University 
Qub, Urbana; Botanical Society of America, president 1948. 

Neil, as his friends and coworkers familiarly addressed him, was 
my closest friend and associate in pathological and mycological in¬ 
vestigation in the Bureau of Plant Industry for 24 years (1912-36). 
After so long and intimate an association one could hardly be ex¬ 
pected to be satisfied with a mere formal record of the principal 
events of his life and work. Hence I hope to be pardoned if I in¬ 
dulge in some reminiscences of a more personal nature. Cut down 
so suddenly while very active and productive, his death came as a 
great shock to all who knew him. While attending the meeting of 
the Botanical Society of America at Chicago in 1948 as retiring 
president, he was stricken with heart disease but after some time in 
the hospital he was able again to undertake some of his University 
work. He retained much of his usual zest and cheerfulness. A 
<luotation from his last letter to me in March 1949 is characteristic. 
He said: “Your letter of Feb. 3 was what 1 needed. I had been 
thinking for the last three Weeks! I bet C.L.S. will want me to 
go up to Katahdin with him this summer and 1 don’t feel like it. 
Now, however, that you don’t feel like it either, that makes it all 
right. About 6 a.m., January 3, 1 did think the pld gentleman 
with the scythe had come for me. However, 1 decided that I had 
already had twice as much fun in this life as any one was entitled 
to, which took some of the sting out. However, he decided other¬ 
wise and I have si)ent a month in bed. Honestly otic of the 
happiest months you can imagine.” 

This indicates his general attitude toward life. 

“After reading and discussing the various attempts of scientists 
and philosophers to solve some of the eternal mysteries of man and 
the universe, we came to the conclusion that the problem is beyond 
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the capacity and comprehension of the human mind in its present 
stage of development and that we must be content to contribute 
a few additions to our present fund of human knowledge and make 
such practical applications as are possible for the improvement of 
our physical and social condition, with ’faith in the belief that the 
practice of the golden rule will finally bring peace and happiness 
to the human race.” 

In one of his latest articles (Amer. Scientist 37 : 119. 1949) he 
explains his attitude toward scientific investigation and his method 
of approach, closing with approval the words of R. L. Stevenson: 
“To travel hopefully is a better thing than to arrive, and the true 
success is to labor.” 

The ]>readth and diversity of Neil's intellectual interests are well 
illustrated in a series of papers collected and published by Dr. 
Verdoorn in Chronica Botanica 1947 under the title. Factors in 
Botanical Publication and Other Essays, and in the rather com¬ 
plete bibliography a])pended. 

As to religion, he was a member of the Methodist Church. His 
practical application of religion in daily life was humanitarian 
rather than creedal. His liberalism in theological matters is well 
expressed in an article on Dean Inge’s views on science and religion 
(Science 63 : 281. 1926) in which he quotes with evident approval 
the following statement of the Dean: “I believe that in Science 
has come the chief revelation of the will and puri)oses of God that 
has been made to our generation.” 

He was very fond of outdoor life and exercise and as a member 
of the Appalachian Trail Club spent many of his holidays in break¬ 
ing trails. 

Though much interested in mycology and its history, his prin¬ 
cipal work was in jdant i)athology and especially cranberry dis¬ 
eases and related problems. His numerous publications in this 
field were of much scientific value and of great practical applica¬ 
tion. This work was greatly appreciated by cranberry growers 
everywhere. A very a])preciative .sketch of Dr. Stevens was pub¬ 
lished in “Cranberries” for December 1941 by the editor C. J. Hall. 

He followed Dr. C. E. Bessey’s advice to his botanical students: 
“Keep your mind in meristem condition.” He was alert and ready 
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to absorb new knowledge and grow. He always approached a 
problem with an open mind and after reviewing all that had been 
published on the subject began observations and experiments to 
test previous conclusions and theories and to evolve new ones. 
He was no blind worshiper of authority. His studies in the his¬ 
tory of science had shown how frequently the supposedly well 
established theories and conclusions of one generation may he re¬ 
placed by the next and that absolute final conclusions can never be 
reached by mortal man; but that the joy of seeking and the pleasure 
of discovering something apparently new or useful w^as his greatest 
reward. 

His first contribution to botanical literature was Discoid Gemmae 
in the Leafy Hepatics of Neiv England, published in 1910 while he 
was doing graduate work under Dr. Kvans of Yale. His next was 
in 1911 on Dioccism in the Trailing Arbutus. His Doctor’s thesis 
was Observations on Hetcrostylous Plants published in 1912. 

Under the stimulating influence of Dr. Wieland he became much 
interested in paleobotany, which resulted in a paper on A Palm 
from the Upper Cretaceous of Ne7v Jersey. His only mycological 
and pathological work at Yale was a course in forest pathology 
under Dr. Graves and his first paper in this field was on Wood 
Rots of the Hardy Catalpa. His broad training in diflferent 
branches of botany and laboratory technique provided an excellent 
foundation for later specialization in mycology and pathology and 
a continued interest in all phases of plant science, both pure and 
applied. 

Soon after graduation at Yale he received an appointment in the 
Botanical Department of Kansas State College where he taught one 
year. This experience broadened his view’s of the country and its 
agricultural problems. During this period he took a civil service 
examination for a position in Forest Pathology and to his surprise 
received an appointment in the l^ureau of Plant Industry and was 
assigned to work on the chestnut blight project. It.was here we 
first met and began working together in an attempt to discover the 
origin and relationship of the causal organism, Endothia parasitica. 
There was a difference of opinion among the investigators as to 
whether it was a variety or mutation of one of our native species 
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or a foreign species recently introduced. Our work together on 
this project as well as all the later work on which we published 
joint papers was so intimate that the contributions of each cannot 
be satisfactorily segregated. In general he made most of the cul¬ 
tures and cross inoculation experiments but also considered criti¬ 
cally the taxonomic questions relating to the generic and specific 
concepts involved. We agreed that for practical taxonomic pur¬ 
poses species should be based on morphological, life cycle and cul¬ 
tural differences, which were proved by the comparison of an 
ai)iindance of specimens from different localities. 

It was soon demonstrated by means of specimens obtained from 
( hina by Mr. Frank Meyer, the agricultural explorer, and by those 
from Ja]»an that the blight fungus was common on oriental chest¬ 
nuts, but not a serious parasite, and that the fungus in this country 
was undoubtedly brought here on nursery stock. Here it found 
our native chestnut an easy victim and proceeded to exterminate 
it throughout the country. The result of this work was a mono¬ 
graph in 1917 of the species of lindothia thus far known. 

In 1915 he was transferred to the office of fruit disease investi¬ 
gations and began work on strawberry diseases on which he pub¬ 
lished several pa])ers, especially on the fruit rots. 

Two years later he began his studies on cranberry diseases which 
were carried on in cooperation with the writer and other members 
of the office. This work he continued with slight interruptions 
for the remainder of his life, though restricted during his teaching 
career to his summer vacations. In carrying on the work on 
cranberries we visited all the cranberry growing districts in the 
United States and collected fungus and diseased material through¬ 
out the natural range of the two species, Vacciniiim macrocarpum 
and V. oxycoccus, and at the same time all the fungi found on 
ICricaceous hosts, to determine their distribution and relation to 
those found on the cranberry. This work led us from the swamps 
of the Carolina coast to the summits of Mt Washington and 
Katahdin, through the Adirondacks, Michigan and the Pacific 
coast f)f Washington and Oregon. At the same time all the avail¬ 
able types and authentic sj>ecimens of the fungi reported on Vac- 
cimuui and closely related genera were studied. This led to the 
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herbaria of Peck, Ellis, Schweinitz, Curtis, Ravenel, Peters, and 
others. It also naturally led to an interest in the authors themselves 
and their methods of work, as such knowledge is essential in order 
to evaluate their results and publications. The search for biographi¬ 
cal information led to visits to the homes and collecting grounds of 
the mycologists mentioned and to the accumulation of much infor¬ 
mation and many specimens. This work resulted in the publication 
of several biographical sketches (12-16, 29, 32) and a deep and 
ji^ermanent interest in the history of mycology in general and espe¬ 
cially in America. A large collection of notes and letters have 
been accumulated from which we had hoped to prepare a history 
of mycology in America. In one of his last letters in reply to 
one in which I had urged him to retire and take up the history 
we had so long planned, he replied “We may get to that history of 
mycology yet.’’ 

In 1924 he began studies of Botryosphacria, Fhysalospora and 
their pycnidial forms, DothiorcUa, Sphacropsis, and Diplodia, with 
a study of the currant blight and its cause Botryosphacria ribis 
chromogena. The work on this fungus led to a thorough study 
of other species of Botryosphacria and the closely related genus 
Fhysalospora and their life cycles and host relations. This in¬ 
volved cross inoculations and the examination of type material of 
the numerous species of Sphacropsis and Diplodia which have been 
described. These species have been based largely on the host plant 
upon which they happened to be found. It was found that Botry- 
sphacria and Fhysalospora differ chiefly in their pycnidial stages, 
the former having Doihiorclla and the latter Sphacropsis or Di- 
plodia. The results of this work were published in a series of 
papers (19-27, 30, 34, 35, 38-40). The winter of 1927-28 was 
spent in the Hawaiian Islands collecting fungi and studying fruit 
diseases. We made extensive collections on Oahu, Maui, Hawaii 
and Kauai and brought back more than a thousatid specimens, 
mostly Pyrenomycetes. Only a small part of these have yet been 
studied although a joint pai>er (27) on the species of Bofryo- 
sphaeria and Fhysalospora found was published. 

In 1930 he went to England as a delegate to the International 
Botanical Congress at Cambridge, and studied strawberry and 
other fruit diseases and fungi in England, Scotland and Wales. 
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Some of the results of this work were published in a paper (35) 
on two Physalosporas found in England, thus clearing up the 
confusion in the life cycles of Sphacro/ysis malormn Peck and of 
S, malormn Berk. 

From 1930-33 he was in charge of the Plant l^isease Survey 
in which he did much excellent work in improving methods of 
estimating crop losses from diseases and forecasting disease occur¬ 
rence. 

During 1934-35 he worked in the office of Cereal Crops and 
Diseases studying bacterial wilt of sweet corn. From 1931-36 
he also acted as adjunct professor of botany at George Washington 
I "niversity. In 1935 he was a delegate to the International Botani¬ 
cal Congress in Holland. In 1936 he was offered the position of 
professor of botany at the University of Illinois. He considered 
and discussed for some time the (piestion whether he could con- 
tril)utc more to the advancement of science and humanity in the 
Department or in the University. He finally decided in favor of 
the University, as it would not only give an opportunity to con¬ 
tinue some of his research but also to put into practice some of his 
ideas for the improvement of college teaching. In spite of his 
rather youthful appearance and lack of the dignity supposed to 
characterize the conventional professor he was very popular and 
his informal manner and enthusiasm stimulated his students. 

He was at work at the time of his death with his son Russell on 
a book entitled Plant Palhol()(jy in At/riaiJtnrc which will be com¬ 
pleted and published later. 

In the premature passing of Dr. Stevens the family has lost a 
devoted husband and father; his students an inspiring teacher; his 
friends and actjuaintances an enjoyable companion and science and 
education an able and j)roductive contributor to their advancement. 
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THE NEED FOR THE PROBABLE ERROR 
CONCEPT IN MYCOLOGY * 

Neil E. Stevens 


Two major attempts to recognize the human element in science 
are well established. It is here proposed that, at least in mycol¬ 
ogy, the two be combined. First in point of time came the practice 
of adding to each specific binomial the name of its author. This 
was a frank, perhaps partly unconscious, recognition of the fact 
that no two authors would necessarily agree in delimiting a species 
and thus the binomial could be made meaningful only if its author 
was always named. 

Stripped of the mathematical symbols which render it to some 
sacred and to others diabolical the probable error concept has the 
same human, almost humanitarian, basis. This is emphasized by 
the fact that Bessel, an early great student of i)robable error, pre¬ 
ferred to call it “the personal e(|uation“ (1). Here too is a frank 
recognition of the fact that it is impossible to attain absolute accu¬ 
racy. The probable error is also an attempt tf) indicate how 
reliable the measurements were, that is, how much we may depend 
on them. Like most statistical analyses it is another attempt to 
indicate the results which represent the true value which would 
be obtained if it were possible to make observations on all the 
individuals or cases. How badly just these aids—concept.s—are 
needed in mycology is readily appreciated by those who have 
worked with long known, much named species. 

The suggestion here made is merely that following the name of 
a new species there be added—perhaps by the editor of the journal 
publishing the description—a figure indicating the probability of 
its being indeed a good sjiecies. The exact method to be used 

♦This note was received for publication a short time l)eft)re Dr. Stevens’ 
death. The editor does not approve of liein^ii: placed in the iK>sition of having 
to “rate’* the new species proposed by other mycologists, but does recognize 
merit in the concept as applied to taxonomy. A. H. Smith. 
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can well be left to the niycological section of the next International 
Botanical Congress. Certain considerations are, however, ob¬ 
viously important. For example, the number of specimens exam¬ 
ined in preparing the description, i.c., their relation to the number 
probably existing in the world. Other considerations would be the 
known difficulty of the fungus grou]) and for the older workers 
the previous record of the author. A graduate student studying 
his first fungus and deciding that it must be a new species probably 
should receive a charitably high rating; one, for example, that 
would indicate there was one chance in a hundred of his having 
a genuinely new species. 

Taxonomy l)eing as Hall and Clements (2) some years ago 
pointed out, . the only field of science in which the Idunders 
and banalities of the indifferent and incompetent are respected and 
perpetuated,'’ much interest would be aroused over the “error 
indices” of various early workers. To Farlovv, for example, who 
spent a lifetime of application and described some half dozen spe¬ 
cies, one could almost automatically assign an index indicating 
very low error. 

To Berkeley who in a life devoted to the duties of an iMiglish 
parish, the education of thirteen children of his own, plus the 
conduct of a boarding school of thirty to thirty-five pupils and to 
mycology, and who described over five thousand new species the 
rating would of necessity l)e somewhat different. 
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CHEMICAL AGENTS FOR THE CONTROL 
OF MOLDS ON MEATS' 

Frederick T. Wolf and Frederick A. Wolf 
INTRODUCTION 

The large amounts of spoilage of meat and meat products by 
molds during World War II made desirable consideration of the 
various fungi responsible and attempts to devise means of pre¬ 
vention, Species isolated from meats hy previous workers (Bi- 
dault, 1921; Brooks and Hansford, 1923; Wright, 1923, 1925; 
Yesair, 1929; Haines and Smith, 1933; Semeniuk and Ball, 1938; 
Empey and Scott, 1939; Jensen, 1942) include the following: 
Alternaria tennis, Aspergillus chevalicri, A. clavatus, A. nigcr, A. 
repens, A. ruber, Botrytis elcgans, B. pellicula, B, rosea, Clado- 
sporium herbarmn, Dematium pullulans, Hormodcndrum dado- 
sporioides, Monilia sitophila, Monascus pHrpureus, Mucor lusi- 
tanicus, M. mucedo, M, racemosus, Oospora lactis, Penicillium 
anonialmn, P, chrysogcnmn, P, crustaccum, P. expansum, P. 
melinii, P. notatmn, P, puberultim and various unidentified species 
of the avSymmetrica-velutina group, Rtii::opus nigricans, Sporo- 
trichum carnis, Thantnidium chaetocladioides and T. clegans. It 
is evident from these lists that those molds usually present in the 
air and soil are most commonly responsible for meat decay. 

It has long been recognized that temperature and humidity are 
primary factors in relation to the keeping of meats; hence most 
efforts at meat preservation have involved such purely physical 
methods as refrigeration and drying. The present study, however, 
is restricted to a consideration of chemical preservatives, and the 
inhibition of mold growth through chemical means. Regulations 
by the Bureau of Animal Industry limit chemical preservatives of 

' This paper reports research undertaken in cooperation with the Quarter¬ 
master Food and Container Institute for the Armed Forces, aiid has been 
assigned number 274 in the series of papers approved for publication. The 
views or conclusions contained in this report are those of the authors. They 
are not to be construed as necessarily reflecting the views or indorsement of 
the Department of the Army. 
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meats sold for human consumption in the United States to the 
following agents: Common salt, sugar, wood smoke, vinegar, 
spices, saltpeter, NaNOa, NaNOa and sodium benzoate. 

Any study of chemicals for prevention and control of mold on 
meats should include firstly basic laboratory studies using a repre¬ 
sentative sampling of pure cultures of fungi to determine concen¬ 
trations of the various chemical agents which are inhibitory to the 
various organisms. Such studies should be followed by toxico¬ 
logical and pharmacological tests, to determine whether the chosen 
chemicals are safe for human consumption. Finally, technologi¬ 
cal studies, involving means of application of the chosen chemicals, 
and large scale tests under diverse environmental conditions of the 
keeping nnalities of meats so ])reserved, must be made. The re¬ 
quirement that a given chemical shall inhibit growth of a number 
of different fungi and also be safe for human consumption is dif¬ 
ficult of fulfillment and is one which has imposed severe limita¬ 
tions upon the types of chemicals that may be employed. Ob¬ 
viously most of the antifungal materials used in plant disease control 
or in tnildew-proofing of textiles must be eliminated from con¬ 
sideration. 

MATERIALS AND METHODS 

'Fhe molds used in these experiments were isolated from meats 
and meat products in cold storage at Duke University. Seventeen 
isolates, belonging to eleven .species, were .studied. These are as 
follows: 

Pcnicillium crustosum Thom (7)* 

PeniciJlium cyancum Bainier and Sartory (3) 

PcnicilliuitJ cyclopium Westiing (2, 6, 18, 20) 

Pcnicillium olivino-viridc Biourj^c (I, 16, 17) 

Pcnicillium zvaksmani Zaleski (19) 

Aspergillus niger van Ticghem (8) 

Aspergillus sydozA Bainier and Sartory (l.s) 

Ccphalosporium sp. (9) 

tformodendrum cladosporioides Bonorden (10) 

Tlmmnidium chactocladioidcs Link (11) 

We are indebted to Dr. K. H. Raper, Northern Regional Re¬ 
search Laboratory, Peoria, Illinois, for identification of the cultures 

* The numbers in parentheses were assigned to the isolates employed. 
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of Penicillium. Stock cultures of the test fungi were maintained 
on slants of Czapek’s agar, at room temperature, and transferred 
at intervals of 10-14 days. 

Two different media were employed in the testing of fungistatic 
agents. One was Czapek’s solution, consisting of NaNOjt, 3.0 gm.; 
KH 0 PO 4 , 10 gm.; MgS 04 , 0*5 gm.; KCl, 0.5 gm.; FeCl^, trace; 
and sucrose, 30.0 gm. per liter. The other medium was devised 
in an attempt to simulate the conditions which obtain in fresh 
meats, the nitrogen being supplied as glutamic acid and the pH 
adjusted to 6.0. This medium contained glutamic acid, 2.0 gm.; 
KH,P 04 , 0.3 gm.; K.HPO^, 2.7 gm.; MgS 04 , 0.5 gm.; and dex-^ 
tro.se, 50.0 gm. per liter. The two media thus differ in pH, in 
nitrogen source, in carbon source, and in buffer capacity. 

Since the primary consideration in meat preservation is the pre¬ 
vention of spoilage conseciuent upon growth of fungi, fungistatic 
rather than fungicidal techniques were chosen. 

In testing, the fungi were grown in 125 ml. Erlenmeyer flasks 
containing 50 ml. of medium, supplemented with the various anti¬ 
fungal materials. Controls provided in each instance consisted of 
the basal media without added inhibitory chemicals, l^xcept as 
otherwise indicated, the chemicals were added to the basal media 
and sterilized by autoclaving 15 minutes at 15 lb. pressure. The 
pH of the media (4.5 for Czapek's solution and 6.0 for the glu¬ 
tamic acid basal medium) was not adjusted after addition of the 
inhibitory materials. 

Growth of the molds was recorded after one and two weeks' 
incubation at room temperature, using an arbitrary scale of 0 , +, 
+ + , 4 - + + , and 4-4- + 4- in comparison with appropriate con¬ 
trols. For conciseness, only data from observations after two 
weeks are included herein. Concentrations of fungistatic agents 
are expressed in terms of percentage on a weight basis, in the case 
of solids, and on a volume basis for liquid materials. 

The findings in the present study are based upon a total of over 
9000 cultures. 

LITERATURE SURVEY OF CHEMICAL AGENTS 

The present experiments include tests of 31 different chemicals. 
No claims are made that all are safe for human consumption, but. 
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insofar as information is available, this consideration governed the 
choice of materials to be tested. 

It was shown by Kiesel (1913), using Aspergillus niger, that 
acetic acid is quite toxic to fungi. Schdnberg (1943) states that 
the Germans extensively employed acetic acid in meat preservation 
during World War II, and his experiments indicate that exposure 
for 10 minutes to 1.5-2.0% acetic acid will kill spores of Penicil- 
lium glaticiim, Aspergillus niger, Cladosporium herbarum and 
Mucor racemosus, Levine and Fellers (1940) studied the influ¬ 
ence of pK upon toxicity of acetic acid to Aspergillus niger. So¬ 
dium acetate was used for purposes of comparison. Sodium diace¬ 
tate, (CH;jCOONa)x* (H._.0)z, a double salt of sodium acetate 
and acrtic acid, was tested herein because of previous work of 
(ilabe (1942), who employed it for prevention of mold and rope- 
formation in bakery products. 

Considerable attention has been devoted to propionic acid and 
its salts upon growth of fungi. Kiesel (1913) reported that 
0.0525-0.0586propionic acid is toxic to Aspergillus niger. Ac¬ 
cording to Desgrez and Saggio (1907), this acid is relatively non¬ 
toxic to animals, the lethal dose for rabbits by the intravenous 
route being 450 mg. per kilo. Peck and Rosenfeld (1938) report 
that growth of Trichophyton gypseum, Epidernwphyton inguinale, 
and Candida albicans in Sabouraud’s broth is inhibited by pro- 
])ionic acid in concentrations of 0.03%, 0.1%, and 1.0% respec¬ 
tively. Ilofifnian, Schweitzer and Dalby (1939) studied the influ¬ 
ence of ]^H on the toxicity of propionic acid to fungi. Ohson and 
Macy (1940, 1946) found that propionic acid is far more fungi¬ 
static than the sodium or calcium salts and ascribed fungistasis to 
the undissociated propionic acid molecule. 

Calcium propionate is commonly incorj)orated with bread dough 
to inhibit growth of molds. In 1942, more than 1600 bakeries 
were employing propionate, and the number of loaves so treated 
was expected to exceed two billion (Miller, 1942). Propionates 
are also employed to retard molding of cheese (Miller, 1940), and, 
by treatment of wrapping papers, to prevent moldiness of butter 
(Macy and Olson, 1939). 

It was shown by Keeney (1943) and Keeney, Ajello, and Lank- 
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ford (1944) that sodium propionate inhibits growth of a large 
number of human pathogens, the amounts required varying from 
0.0125 to 1.25% for the different ones. Satisfactory therapeutic 
results with 10% sodium propionate in the treatment of tinea pedis, 
tinea cruris, tinea capitis, thrush, and otomycosis have been re¬ 
ported by Keeney and Broyles (1943). Alter, Jones and Carter 
(1947) successfully employed propionates in the treatment of 
ipycotic vulvovaginitis. • 

Harshbarger (1942) fed sodium and calcium propionate to rats 
at levels corresponding to 1% and 3% of the total food intake, 
without ill effects. Rowntree (Keeney, 1943) injected 20 mg. of 
sodium propionate into rats daily for nearly a year without un¬ 
toward results. Keeney, Ajello and Lankford (1944) found that 
the highest non-toxic daily dose of sodium propionate to mice by 
the intraperitoneal route is 5 mg. Walker and Coppock (1928) 
were able to cultivate AspergiUus niger on a medium containing 
calcium propionate as the sole source of carbon, a finding which 
is of considerable interest in connection with the use of propionates 
to check mold growth. 

Our tests involved, among the higher fatty acids, caprylic acid, 
undecylenic acid, and their sodium salts. Peck and Rosenfeld 
(1938) reported that 0.03% caprylic acid is inhibitory to Tricho¬ 
phyton gypsenm. Wyss, Ludwig and Joiner (1945) determined 
inhibitory concentrations of caprylic acid for Aspergillus niger. 
Trichophyton interdigitale and T*. rubrum. Foley, Herrmann, and 
Lee (1947) studied the influence of pH upon the inhibition by 
caprylic acid of T, gypseum. Sodium caprylate has been success¬ 
fully used in the treatment of dermatophytosis of the feet (Keeney, 
Ajello, Lankford, and Mary, 1945). 

The antifungal activity of undecylenic acid has been rrtuch studied 
in recent years, notably by Peck and Rosenfdd (1938), using 
Trichophyton gypseum, Rogler and Greathouse (1940), using 
Phymatotrichum omnivorum, Wyss, Ludwig and Joiner (1945), 
using a number of saprophytic molds and human pathogens, Foley, 
Herrmann and Lee (1947), using 7\,gypseum and Rothman et al. 
(1947), using Microsporum audouini. Extensive use has been 
made of powders and ointments containing undecylenic acid in the 
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treatment of dermatophytosis. Satisfactory therapeutic results 
have been obtained by several investigators, including Keeney, 
Ajello, Broyles and Lankford (1944), Shapiro and Rothman 
(1945), Hopkins ct aL (1946), and Sulzberger and Kanof (1947). 

Some of the derivatives of benzoic acid have been studied also, 
since sodium benzoate was used in meat preservation by our armed 
forces during World War II (Jensen, 1942). Perry and Beal 
(1920) reported that Pcnicillimn glaucum failed to grow in the 
presence of 0.25% sodium benzoate. The toxicity of sodium ben¬ 
zoate to rats was tested by Harshbarger (1942) who found it toxic 
at the 3% level but not toxic when fed at the rate of 1% of the 
total diet. 

p-Amiiio benzoic acid was shown to be fungistatic by Hoffman, 
vSchweitzer and Dalby (1942). Its effects upon the growth of 
Aspergillus nigcr, Pcnicillimn roqueforti and Byssochlamys julva 
under varying conditions of pH and nitrogen supply have recently 
been investigated by Cavill and Vincent (1945, 1948). p-Hydroxy 
benzoic acid was noted by Uppal (1926) to be toxic to Phytop’h- 
tliora colocasiae, and it was studied in comparison with the methyl 
and butyl esters of this acid. The esters of p-hydroxy benzoic 
acid, according to Neidig and Burrell (1944) and Jacobs (1944), 
were used as preservatives of meat products and other foodstuffs 
in Germany, and are employed by geneticists in Drosophila cultures 
to suppress mold growth. The methyl and ethyl esters have been 
used for treatment of dermatophytosis by Bang (1937) and Holm 
(1944). The toxicity of these esters to animals is extremely low, 
the lethal dose being of the order of 3-6 gm. per kilo (Neidig and 
Burrell, 1944). 

Myers (1927) found that thymol, carvacrol, and a number of 
essential oils, including oil of cloves, are fungicidal. Kingery and 
Adkisson (1928) reported thymol 1:7500 to be fungistatic to a 
number of dermatophytes, to Sporotrichum schc nckii and to Cocci- 
dioides immitis. Our experiments therefore included thymol, car¬ 
vacrol, oil of cloves, and “Stabilizer No. 1/’ the latter a mixture 
of mono isopropyl meta and para cresols, intended for use as a 
mold inhibitor for starches used in the sizing of paper. A study 
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of oral toxicity of “Stabilizer No. 1“ with experimental animals 
indicated an LDr,,, of 1.2 gm. per kilo (Horsey, 1948). 

Three quinone derivatives were tested, among them, 2, 3, 5, 6 
tetrachloro 1, 4 benzoquinone, or “Spergon,’’ an agricultural fungi¬ 
cide used to protect germinating seeds of various crop plants from 
fungus attack. The LD 50 of this compound for rats by the oral 
route was found to be 4 gm. per kilo (McGavack, Boyd, Terranova, 
ailid Lehr, 1943). McNew (1948), studying the toxicity to swine 
of corn treated with tetrabenzoquinone, found that treated seed did 
not adversely affect animals even when they were maintained on it 
as long as 117 days. The antifungal activity of 2, 3 dichloro 1, 
4 naphthoquinone against 22 species of fungi was investigated by 
Ter Horst and Felix (1943). Woolley (1945) tested the effect of 
this compound upon the growth of bacteria, Saccharomyces cere- 
visiae and Endomyces vernalis. Tests made by workers at the 
New York Medical College in 1943 disclose an LD,p,o to albino rats 
by the oral route of 3.5 gm. per kilo. Colwell and McCall (1946) 
noted that 2 methyl 1, 4 naphthoquinone is toxic to Aspergillus 
niger. Studies of its toxicity to experimental animals were made 
by Molitor and Robinson (1940). 

Various acids, including boric, malonic, crotonic, sorbic and 
salicylic acids, have been examined in the present study. Boric 
acid is among the preservatives used in the control of molds of 
meats by our armed forces during World War II, according 
to Jensen (1943). Malonic acid, which suppresses respiration 
through its action upon the enzyme succinic dehydrogenase, was 
included because of studies on Neurospora by Ryan, Tatum and 
Giese (1944). Gooding (1945) suggested the use of crotonic acid 
or sorbic acid as a mold inhibitor in foods. Salicylic acid is well 
known as an antifungal material, and is used in treatment of super¬ 
ficial fungus infections. 

Sodium nitrite, an ingredient used in solutions for curing meats, 
is the only component of such solutions with appreciable anti¬ 
fungal activity. 

The compound 2, 4, 5 trichlorophenyl acetate is an agricultural 
fungicide for use to control cotton anthracnose fungus, Glomerella 
gossypii, on cotton seed. Its LDj^„ for mice is approximately 1.3 
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gm. per kilo, and this material did not interfere with growth of 
mice when added to the diet at the rate of 2% (Horsey, 1948). 

is 2, 2'dihydroxy 5, 5'dichloro diphenyl methane, and is 
used in the mildewproofing of canvas, tenting, and other fabrics. 
Hexamethylene tetramine, according to Jacobs (1944), has been 
employed medically in the treatment of urinary tract infections, 
and in Germany is a permissible food preservative. 


RESULTS 

The results, as presented in tables 1-VIII, give the lowest con¬ 
centration of the various chemical agents which inhibit growth of 
the test fungi. When one or more organisms were suppressed by 
the lowest of a series of concentrations tested, the result is reported 
as less than the concentration stated. Similarly, when one or more 
molds grew in the highest concentration tested, the result is ex¬ 
pressed as more than the stated concentration. Limits were im¬ 
posed in some cases by the solubility of the chemical agents. From 


Table I 

Percentage Concentrations of Acetic Acid and Certain 
Salts Required for Fungistasis 


Concentration 


Molds 


Acetic acid 


Sodium 

acetate 


Sodium diacetate 


Czapek 


Glutamic 


Czapek 


Czapek 


Glutamic 


J\ crustosum (7) 

P. cyaneum (3) 

P. cyclopium (2) 

P. cyclopium (6) 

P. cyclopium (18) 

P. cyclopium (20) 

P. marUnsii (4) 

P, martensii (12) 

P. olivino-virtde (1) 

P. olivino-viride (16) 

P. olivino-viride (17) 

P. waksmani (19) 

A, niger (8) 

A, sydowi (15) 
Cephalosporium sp. (9) 
H. cladosporioides (10) 
T, chaetocladioides (11) 


0.2 

0.15 

0.2 

0.2 

0.2 

0.2 

0.15 

0.15 

0.15 

0.15 

0.15 

<0.1 

0.2 

<0.1 

<0.1 

<0.1 

0.2 


0.25 

<0.15 

0.25 

0.25 

0.25 

0.25 

<0.15 

0.25 

0.25 

0.25 

0.2 

0.25 

0.25 

0.25 

<0.15 

<0.15 

0.25 


18 

<0.5 

0.75 

15 

<0.5 

<0.5 

18 

<0.5 

0.75 

18 

<0.5 

0.75 

>18 

0.75 

0.75 

18 

0.75 

0.75 

18 

<0.5 

<0.5 

18 

<0.5 

<0.5 

18 

0.75 

0.75 

>18 

0.75 

0.75 

15 ; 

<0.5 

<0.5 

18 

<0.5 

<0.5 

18 

<0.5 

0.75 

>18 

0.75 

0.75 

15 

<0.5 

<0.5 

9 

<0.5 

<0.5 

9 

0.75 

0.75 



352 


Mycologia, Vol. 42 , 1950 


a practical standpoint, special significance is attached to the lowest 
concentration inhibiting growth of all the test organisms. 

Acetic acid (table I) inhibits growth of all the fungi tested in 
a concentration of 0.2% on Czapek’s medium, and 0.25% on the 
glutamic acid medium. For comparative purposes, tests were 
made with sodium acetate. None of the molds was inhibited by 
concentrations of less than 9%; sodium acetate, and three were not 
ijihibited by 18%. These findings indicate that the acetate ion is 

TABLE II 

Inhibition of Meat Molds by Propionic Acid and Its Salts 


Molds 



Concentration 



Propionic acid 

Sodium propionate 

Sodium 

propi¬ 

onate 

Calcium 

propi¬ 

onate 


Czapek 

Glutamic 

Czapek 

Glutamic 

Czapek 

sugar 

C'zapek 

P. crustosum (7) 

0.15 

0.2 

12 

7 

8 

5 

P. cyaneum (3) 

<0.1 

0.15 

4 

3 

6 

3 

P. cydopium (2) 

0.15 

0.2 

10 

7 

12 

>6 

P, cydopium (6) 

0.15 

0.2 

12 

7 

12 

3 

P, cydopium (18) 

0.15 

0.2 

12 

5 

>12 

>6 

P, cydopium (20) 

0.15 

0.2 

12 

7 

12 

>6 

P. martensii (4) 

<0.1 

0.15 

10 

5 

10 

3 

P, martensii (12) 

<0.1 

0,15 

10 

5 

8 

>6 

P. olivino-viride (1) 

<0.1 

0.15 

10 

5 

8 

>6 

P. olivino-viride (16) 

<0.1 

0.15 

10 

5 

>12 

>6 

P. olivino-viride (17) 

0.15 

0.15 

12 

5 

10 

>6 

P. waksmani (19) 

<0.1 

0.15 

10 

5 

8 

3 

A, niger (8) 

<0.1 

0.15 

4 

5 

6 

3 

A. s^owi (15) 

<0.1 

0.15 

10 

5 

12 

5 

Cephalosporium sp. (9) 

<0.1 

<0,1 

4 

3 

6 

<1 

H. cladosporioides (10) 

<0.1 

<0:1 

4 

3 

6 

<1 

I\ chaetocladioides (11) 

<0.1 

0.15 

6 

i 

5 

>2 

<1 


virtually non-toxic to these fungi, and that a large part of the 
toxicity of acetic acid may be ascribed to the non-ionized acetic 
acfd molecule. 

The sample of sodium diacetate tested was stated by the manu¬ 
facturer to have an acetic acid content of 33-35%. This agent was 
inhibitory to all molds in a concentration of 0.75%. Comparison 
of this result with those obtained with acetic acid and with sodium 
acetate indicates that the inhibitory action of sodium diacetate is 
due to its acetic acid content. 
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Propionic acid (table II) is slightly more toxic to molds than 
is acetic acid, concentrations inhibitory to all organisms being 
0.15% on Czapek’s medium and 0.2% on glutamic acid medium. 
The molds used in the present work are far more resistant to pro¬ 
pionates than are the human pathogens. A concentration of 4% 
sodium propionate was required to inhibit the more sensitive meat 
molds on Czapek’s medium, while the concentration had to be 
increased to 12% to inhibit the more resistant organisms. Sodium 
propionate was found to be more effective on the glutamic acid 
medium than on Czapek’s medium, a concentration of 7%^ sodium 
propionate checking all mold growth on the glutamic acid medium. 
These results, apparently anomalous in relation to the initial pH 
of the two basal media without added propionate, may be inter¬ 
preted as due to a shift in pH of the media owing to the addition 
of an “alkaline” salt, and its effect upon the ionization constant of 
propionic acid. Calcium propionate proved more toxic to the test 
fungi than did sodium propionate. The calcium salt is, however, 
so insoluble that a 6% concentration, approaching saturation, was 
insufficient to check growth of seven of the test organisms. 

In attempting to evaluate the significance of propionates as a 
carbon source for fungi in relation to fungistasis, Czapek’s medium, 
lacking sugar, was prepared and varying amounts of sodium pro¬ 
pionate were added as a sole source of carbon. Resultant growth 
indicated that all of the molds, with the single exception of Tham- 
nidiimi chaetocladioidcs, are able to utilize propionate. Sodium 
propionate is far inferior to sucrose as a carbon source for these 
fungi, however, since growth of the + 4- + and -f- -f + + categories 
was not obtained in any instance upon propionate, regardless of its 
concentration. The inhibitory concentrations of sodium propionate 
in Czapek’s medium lacking sucrose compare favorably with those 
obtained in the same medium containing sucrose. The fact that 
fungi are able to utilize propionate as a carbon source appears to 
offer at least a partial explanation of the large amounts required 
to inhibit their growth. 

Caprylic acid (table HI) is more toxic to meat molds than the 
fatty acids of lower molecular weight, the concentrations required 
for suppression of all growth being 0.05% on Czapek’s medium 
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and 0.075% on the glutamic acid medium. Tests with sodium 
caprylate gave a value of 0.3% on both media. 

Experiments with undecylenic acid in Czapek’s medium gave no 
satisfactory mold control at any concentration tested, .i result at¬ 
tributable to the very low solubility of this material in water under 
conditions of low pH. With this acid in the glutamic acid medium, 
growth of all except two of the test organisms was checked at a 
concentration of 0.05%. Sodium undecylenate added in the 
amount of 0.1% inhibited all fungi on both media. 

A concentration of l.S'X sodium benzoate (table IV) was re¬ 
quired to suppress growth of all the meat molds, so that this mate¬ 
rial is a rather poor fungistatic agent. Using p-amino benzoic 
acid, 0.5'^ was required on Czapek’s medium and 1% on glutamic 
acid medium. p-Iiydroxy benzoic acid was ineffective against 
certain of the molds at a concentration of 1.5% , the limit of its 
solubility. The esters of p-hydroxy l)enzoic acid, however, are 
efficient fungistatic agents, the methyl ester being inhibitory to all 
the molds tested on both media at a concentration of 0.1%. The 
butyl ester is the more toxic, Init is sufficiently insoluble so that a 
few of the molds can grow in the presence of 0.02%) p-hydroxy 
n-biityl benzoate, a concentration which represents the limit of 
solubility of this comjiouiKl 

There is little difference in the effectiveness of thymol, carvacrol, 
‘‘Stabilizer No. \” and oil of cloves (table V). All are effective 
in the range of concentrations of 0.025-0.05%). 

The three quinone derivatives, tetrachlorobenzoquinone, dichlo- 
ronaphthoquinone, and 2-methyl naphthoquinone, are not heat sta¬ 
ble and so were sterilized by Herkefeld filtration. Because these 
com])ounds are only sparingly soluble in water, they were dissolved 
in minimal quantities of 95%; alcohol. Tetrachlorobenzoquinone 
(table VI) was found inhibitory to growth of all except three 
test organisms at a concentration of 0.005% in Czapek’s medium 
and 0.01 % in the glutamic acid medium. Essentially similar find¬ 
ings were obtained with dichloronaphthoquinone. Mold control 
was obtained with 0.01% 2- methyl naphthoquinone in Czapek’s 
medium, but this concentration, the limit of its solubility, failed to 
inhibit most of the meat molds on the glutamic acid medium. 



TABLE IV 

Concentration of Benzoates and Fungistasis of Molds on Meats 
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TABLE V 

Inhibition of Meat Molds by Thymol and Related Oils 
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Boric acid (table VII) is a weak fungistatic agent, as two of 
the test strains were not checked by 2% of this material. Malonic 
acid failed to check growth of many of the fungi when present in a 
concentration of 0.7%. Crotonic acid proved to be an effective 
fungistatic material, the concentrations required being 0.1% in 
Czapek’s medium and 0.15% in glutamic acid medium. Its ef¬ 
fectiveness is of the same order of magnitude as that of the closely 
related compound, sorbic acid, which suppressed growth of all 
molds in both media in a concentration of 0.1%. Salicylic acid has 


TABLE VI 

Concentration of Certain Quinones and Inhibition of Meat Molds 


Molds 

Concentration 

Tetrachloro- 

benzoquinone 

Dichloro- 

naphthoQuinone 

2 Methyl 
naphthoquinone 

Czapek 

Glutamic 

Czapek 

1 

Glutamic 

Czapek 

(ilutamir 

P. crustosum (7) 

0.001 

0.01 

<0.0005 

0.005 

0.01 

>0.01 

P. cyaneum (3) 

0.001 

0.01 

0.001 

0.01 

0.01 

>0.01 

P, cyclopium (2) 

0.005 

0.01 

<0.0005 

0.005 

0.005 

>0.01 

P. cyclopium (6) 

0.005 

0.01 

<0.0005 

0.005 

0.01 

>0.01 

P. cyclopium (18) 

0.005 

0.01 

0.005 

0.01 

0.01 

0.01 

P. cyclopium (20) 

0.005 

0.01 

<0.0005 

0.005 

0.01 

0.01 

P. martensii (4) 

0.001 

0.01 

0.005 

0.01 

0.01 

>0.01 

P. murtensii (12) 

0.005 

0.01 

0.001 

0.005 

0.01 

>0.01 

P. olivino-viride (1) 

0.005 

0.01 

0.001 

0.01 

0.005 

>0.01 

P, olivino-viride (16) 

0.005 1 

0.01 

0.0005 

0.005 

0.00.S 

>0.01 

P. olivino-viride (17) 

0.005 

0.01 

0.001 

0.005 1 

0.005 

>0.01 

P. waksmani (19) 

0.005 

>0.01 

0.001 ‘ 

0.01 

0.01 

>0.01 

A, niger (8) 

0.01 

>0.01 

<0.0005 

0.01 

0.01 

0.005 

A,sydowi(\S) 

0.005 

>0.01 1 

0.001 

>0.01 

0.01 

0.005 

Cepnalosporium sp. (9) 

0.005 

0.01 

<0.0005 

0.005 

<0.001 

>0.01 

H. cladosporioides (10) 

0.005 

0.01 

<0.0005 

0.005 

0.005 

0.005 

T, chaetocladioides ^1) 

0.005 

0.01 

0.01 

0.01 

0.01 

>0.01 


slightly more fungistatic activity. A concentration of 0.05% in 
Czapek’s medium and 0.1%; in glutamic acid medium resulted in 
complete inhibition of growth. 

Sodium nitrite (table VIII), the only ingredient of solutions 
used to cure meats that has appreciable antifungal activity, gave 
good results at the 0.5% level in tests with Czapek’s solution, but 
2% was required in glutamic acid medium. Trichlorophenyl ace¬ 
tate proved inhibitory in tests on both media at a concentration of 
0.005%. “G-4” prevented growth of the various test organisms at 
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a concentration of 0.005-0.019^. Hexamethylenetetramine proved 
to be inhil)itory at a level of 0.2%. 

DISCUSSION 

The problem of chemical control of molds on meats is complex, 
involving consideration of concentrations required to achieve fungi- 
stasis under diflferent environmental conditions, toxicity to man, 
absence of appreciable odor or taste, methods of application, and 
cost. The present report constitutes a preliminary approach to the 
problem, and the data do not justify a complete answer to the 
question of which chemical agent is ideal for mold control. As a 
result of this screening procedure, however, certain of the chemi¬ 
cals tested appear to be well-suited, others may or may not be of 
value, and others may be eliminated from further consideration. 

Acetic acid ancl sodium diacetate appear especially deserving of 
further consideration, whereas sodium acetate is obviously worth¬ 
less. Propionic acid appears to be sufficiently effective as a fungi¬ 
static agent, but may be found undesirable because of taste or odor. 
Sodium and calcium propionates have several distinct disadvan¬ 
tages, notably the large amounts required for prevention of mold 
growth, the utilization of these compounds as sources of carbon for 
certain fungi, and the relative insolubility of the calcium salt. 
These materials, however, may merit further study, likewise the 
higher fatty acids, caprylic acid and undecylenic acid, are effective 
fungistatic agents, although undecylenic acid has the disadvantage 
of low solubility in water, and both of these materials may be 
found objectionable because of taste or odor. These difficulties, 
however, are not encountered with sodium caprylate and sodium 
undecylenate, which should be considered further. 

Although some use was made of sodium benzoate under ^^^orld 
War II conditions and its fungistatic activity is much greater than 
that of the propionates, yet it does not appear to have sufficient 
antifungal activity to be of marked value. The same is true of 
p-amino benzoic acid, p-Hydroxy benzoic acid is obviously worth¬ 
less for use against fungi, but its esters appear to have a number 
of favorable characteristics, and should definitely be considered for 
commercial use. 
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Each of the closely related materials, thymol, carvacrol, “Sta¬ 
bilizer No. 1,“ and oil of cloves, possesses marked fungistatic 
activity. Carvacrol and “Stabilizer No. 1,’’ however, should prob¬ 
ably be eliminated from further consideration because of their pro¬ 
nounced cresol odor. But thymol and oil of cloves should be 
tested more thoroughly from the standpoint of toxicity to man 
;^efore attempts are made to employ them in meat preservation. 

Tetrachlorobenzoquinone and dichloronaphthoquinone are suffi¬ 
ciently effective against fungi and nontoxic to man to merit further 
consideration. A serious disadvantage possessed by 2-methyl 
naphtho(iuinone is its sensitivity to light. 

Boric and malonic acids do not appear to ])e sufficiently active 
against molds to be of appreciable value, notwithstanding the lim¬ 
ited success obtained with boric acid during World War 11. Cro- 
tonic and sorbic acids gave excellent results in the present experi¬ 
ments, and should be given further trials. It is felt that salicylic 
acid, while effective as an antifungal agent, should be further 
studied from a pharmacological standpoint. 

Sodium nitrite does not possess sufficient fungistatic jiowcr to 
make it useful in preventing moldiness. Trichlorophenyl acetate 
appears to be an excellent inhibitor of fungus growth, while “G-4,“ 
like 2-niethyl naphthoquinone, is inactivated in the presence of 

light. Hexamethylene tctraminc may be worthy of further trial. 

1 
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SUMMARY 

These experiments constitute attempts to evaluate 31 chemical 
agents for the control of mold spoilage of meats. The test fungi 
include PcnicUlium cnistosmu, P. cyancHm, P. cyclopimn, P. mar- 
tensii, P. olivino-viridc, P. zmksmafti, Aspergillus niger, A. sy- 
dozvi, Cephalosporium sp., Hormodendritm cladosporioides and 
Thamnidium chactocladioides. The fungistatic concentration of 
each chemical agent has been determined for each test organism 
upon two different media. 

It is concluded that acetic acid, sodium diacetate, sodium capry- 
late, sodium undecylenate, methyl p-hydroxy benzoate, n-hutyl p- 
hydroxy benzoate, thymol, oil of cloves, tetrachlorohenzoquinone, 
dichloronaphthoquinone, crotonic acid, sorbic acid, and trichloro- 
phenyl acetate possess greatest merit among the antifungal mate¬ 
rials tested. 

Propionic acid, sodium propionate, calcium propionate, caprylic 
acid, undecylenic acid, sodium benzoate, p-amino benzoic acid, 
carvacrol, “Stabilizer No. 1,“ salicylic acid, “G-4,“ and hexamethyl- 
ene tetramine, for one reason or other, are not ideally adapted for 
control of molds on meats. Sodium acetate, p-hydroxy benzoic 
acid, 2-methyl mq^hthoquinone, boric acid, malonic acid, and so¬ 
dium nitrite, however, appear worthless as fungistatic agents 
against molds on meats. 
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A DACTYLELLA WITH CONIDIA RE¬ 
SEMBLING THOSE OF DACTY¬ 
LELLA STENOBROCHA IN 
SIZE AND SHAPE 


Charles Drechsler ^ 

(with 1 figure) 

Several niaizemeal-agar plate cultures, which, after being over¬ 
grown with mycelium of Pythiitm matnillatiim Meurs, had been 
further planted with small quantities of leaf mold collected in de¬ 
ciduous woods near Newport News, \"irginia, on October 15, 
1948, became abundantly infested in about ten days with free-living 
nematodes as well as with different species of Amoebae and testa¬ 
ceous rhizopods. In all the cultures the eel worms then began to 
suffer losses from the capture and destruction of many individuals 
by the predacious hyphomycete I described earlier (2: 508-513) 
as Dactylclla gephyropaga. After this hyphomycete had extended 
its mycelium throughout the substratum it continued for weeks to 
destroy eelworms and to produce conidia on its sparsely scattered 
conidiophores. Two of the cultures on being examined 35 days 
after the leaf mold had lieen added showed, besides, in areas near 
the deposits of forest detritus some development of erect conidio¬ 
phores that bore solitary conidia manifestly alien not only to Dacty- 
lella gephyropaga but also to all congeneric species hitherto made 
known. During the ensuing weeks the new fungus gradually 
spread over both of the aging cultures, putting forth additional 
conidial apparatus rather sparingly though in ample quantity for 
study. 

The colorless procumbent mycelial filaments (fio. 1, A-D: a) 
from which the erect conidiophores (fig. 1, A-D: b) of the new 

^ Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, Agricultural Re¬ 
search Administration, United States Department of Agriculture; Plant 
Industry Station, Beltsville, Maryland. 
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fungus arose were of moderate width for members of the preda¬ 
cious series, and like the hyphae of allied forms were divided at 
moderate intervals by commonplace cross-walls. The conidio- 
phores similarly offered little distinctiveness. As their height did 
not usually exceed 400 /x, they appeared in general a little shorter 
than the intermixed conidiophores of Dactylella gcphyropaga. 
From a comparison of measurements they would seem, perhaps, 
on the whole, somewhat shorter also than the conidiophores of my 
Dactylella stenohrocha (5) and my Dactylclla heterospora (3), 
though the dimensional differences concerned here are not impres¬ 
sive for descriptive purposes. While the conidiophores of the new 
fungus, as a rule, were simple (fig. 1, A-C: b) and regularly pro¬ 
duced a single conidium (fig. 1, A, c) at the tip, in occasional 
instances (fig. 1, D, b) they gave off a lateral branch (fig. 1, 
D, c) from which a second conidium would be abjointed. When 
eventually a denuded conidiophore fell onto the sulistratum it would 
frequently give rise to a secondary conidiophore from one of its 
living segments. Through repetition of the same developmental 
sequence conidiophores of the third and fourth orders were 
brought into being. 

The conidia thus formed aloft sparingly were mostly of an elon¬ 
gated ellipsoidal or strobiliform shape, thereby showing rather 
marked similarity to the conidia of Dactyhllu stCHobrocha, which, 
indeed, they further resembled closeh' in their main dimensions. 
With respect to shape and dimensions they bore notable resem¬ 
blance also to the larger type of conidia produced by Dactylella 
heterospora, though they lacked the abruptly truncate basal profile 
so characteristic of the latter. They were decisively distinguished, 
however, from the conidia of both D. stenobrocha and D. hetero¬ 
spora by more abundant septation, as they contained from 1 to 9 
cross-walls. The specimens showing one septum (fig. ], E, a, b), 
two septa (fig. 1, F, a-f), and three septa (fig, 1, G, a-h )—the 
entire range of septation in D. stenobrocha —included only about 
one-seventh of the conidia produced ])v the new fungus. Conidia 
with four (fig. 1, H, a-/), five (fig. 1, /, a-y), si.x (fig. 1, /, 
a-/), or seven (fig. 1, K, a-p) cross-walls were present in large 
numbers, while specimens with eight (fig. 1, L, chb)y or nine 
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Fig. 1. Dactylella strobilodes . 
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(fig. M) partitions were few. Of 125 conidia taken more or 
less at random a frequency distribution was noted as follows: 
1 septum, 2; 2 septa, 7; 3 septa, 9; 4 septa, 28; 5 septa, 29; 6 septa, 
30; 7 septa, 17; 8 septa, 2; 9 septa, 1. The .same assortment of 
conidia gave measurements for length, expressed in the nearest 
integral number of microns, distributed as follows: 31 /x, 1 ; 32 /x, 1; 
34/X, 2; 35/x, 5; 36/x, 6: 37/x, 7; 38/x, 14; 39/x, 6; 40/x, 17; 41/x, 
5; 42^, 14; 434;«44,x, 13; 45/x, 5; 46/x, 8; 47/x, 3; 48/x, 5; 
49 /X, 2 ; 50 /X, 4; 52 /x, 1; 55 /x, 1; 60 /x, 1; and measurements for 
greatest width, expressed in the nearest integral number of microns, 
with the following distribution: 11 /x, 1; 12 /x, 6; 13 /x, 15; 14 /x, 34; 
15 /X, 33 ; 16 /X, 27; 17 /x, 7; 18 /u., 2. 

Several attempts were made to isolate the fungus by removing 
its conidia from the erect conidiophores to newly poured plates of 
maizemeal agar—the removal being accomplished, with suitable 
precautions against contamination, by means of small slabs of 
sterile agar medium held on a flamed platinum spatula. The co¬ 
nidia in all instances failed to germinate on the sterile agar, though 
the same materials and procedures have been employed successfully 
in isolating nearly all of the clampless nematode-capturing hypho- 
mycetes encountered under similar conditions. 

As the general habit and morphology of its c< -nidiaf apparatus 
left little room for doubt that the fungus was intimately related to 
the nematode-capturing hyphomycetes, it.-, mycelium both on atid 
under the surface of the agar was examined for some sort of bio¬ 
logical relationship. However, I was unable to di.scover the fungus 
in any parasitic or predacious relationship either to eelworms or to 
any other of the several types of minute animals infesting the cul¬ 
tures. Nor could I find it parasitizing Pythium mamillatum, or 
Dactylella gephyropacja, or any other fungus that had grown out 
from the superadded leaf mold into the transparent agar. In a 
few places submerged filaments were found l>earing a somewhat 
elaborate system of distended, colorless, septate, closely ramified 
hyphal elements, filled with protoplasm of nearly homogeneous 
consistency (fig. 1, N), These ramifying systems had much 
resemblance to the dichotomously branched assimilative apparatus 
produced by Dactylella tylopaga Drechsl. ( 1 ) in captured speci- 
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mens of Amoeba verrucosa Ehrenh., but were never found loosely 
enveloped by any recognizable membrane. Hence there seems 
little likelihood that the fungus could have subsisted on a pellicu- 
late rhizopod, though the possibility remains that it might have sub¬ 
sisted on a rhizopod devoid of a persistent pellicle. A destructive 
biological relationship involving a protozoan without any durable 
membrane—a relationship comparable to that of my Acaulopage 
crohylospora (4) to Leptomyxa sp.—might well be difficult of 
detection. 

In respect to its uncertain biological character, the fungus invites 
comparison with the two allied species 1 referred earlier to Dacty¬ 
lella rhomhospora Grove (2: 539-540) and Dacfylaria ptilchra 
Linder (3: 349-352), as also with the three species I have de¬ 
scribed under the binomials Dactylella heptameres (3: 352-354), 
Dactylella rhopalota (3: 354-357), and Dactylella afractoides (3: 
357-360). Among the several species that ha\e been described 
under Dactylella in the literature but have so far not developed in 
my agar cultures, it seems most to resemble Dactylella niinuta 
Grove (6). Identity with D. minuta seems unlikely, however, as 
that species has considerably shorter (120 to 150/x) conidiophores 
together with generally longer (60 to 70/x) conidia; these conidia, 
moreover, to judge from Grove’s figures, being of clavate rather 
than elongated ellipsoidal shape. The fungus from Newport News 
apparently has no close morphological similarity to any of the 
forms described in Monacrosporimn, a genus i^resumably identical 
with Dactylella. Its description as a new species may advanta¬ 
geously forestall confusion with Dactylella stenobrocha and Dacty¬ 
lella heterospora. The specific epithet applied to it is intended to 
be conveniently suggestive in signalizing the resemblance in shape 
of its conidia to pine cones. 

Dactylella strobilodes .sp. nov. 

Mycelium sparsum; hyphis sterilibus incoluratis, mc«!iocritcr .^eptatis, ple- 
rumque 2-4.5 M crassis, ex maxima parte parce ramosis, sed cristas crebre 
ramosas in ramulis brevibus 4-8.5/tt latis consistentes rarissime ferentibus; 
hyphis fertilihus incoloratis, ercctis, plerumque 3-8 septatis, 250-400/* aids, 
basi 4-7.5 /* crassis, sursum leniter attenuatis, apice 2-3 /* crassis, vulgo sim- 
plicibus sed quandoque ramo praeditis, in quoque apice conidium gignentibus; 
conidiis incoloratis, rlongato-cllipsoidcis vcl strobiliformibus. apice late rotun- 
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datis, basi saepe pediculo obtuso praeditis, 1-9 septatis plerumque 3-7 septatis, 
30-60/* (saepius circa 41.5/*) longis, 11-18/* (saepius circa 14.6/*) crassis. 

Habitat in humo silvestri prope Newport News, Virginia. 

Mycelium sparse; vegetative hyphae colorless, septate at mod¬ 
erate intervals, mostly 2 to 4.5 fi wide, in general rather sparingly 
branched but in widely spaced positions bearing closely ramified 
systems composed of branches often 4 to 8.5 /a in diameter. Conidi- 
ophores colorless, erect, often containing 3 to 8 cross-walls, com¬ 
monly 250 to 400 high, 4 to 7.5 fx wide at the base, narrowing 
gradually upward, mostly 2 to 3 /a wide at the tip, usually simple 
but occasionally with a lateral branch, at each tip bearing a single 
conidium. Conidia colorless, elongated ellipsoidal or strobiliform, 
broadly rounded at the tip, at the base often furnished with a blunt 
hilar protrusion, divided by 1 to 9 (usually by 3 to 7) cross-walls, 
measuring mostly 30 to 60 /a (average 41.5 /a) in length and 11 to 
18 /A (average 14.6 /a) in width. 

Occurring in leaf mold in deciduous woods near Newport News, 
Virginia. 

Division of Fruit and Veoetaiii.e Crops and Diseases, 

Plant Industry Station, 

Beltsville, Maryland 
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EXPLANATION OF FIGURE 

Fig. 1. Dactylella strobilodes, drawn to a uniform magnification with the 
aid of a camera lucida; X 500 throughout. A. Prostrate hypha, a, from 
which has been sent up an unbrauched erect conidiophore, b, that bears ter¬ 
minally a quinque.septate conidium, c; owing to lack of space the conidio¬ 
phore b is shown in three parts whose proper connection is« indicated by 
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arises an unbranched erect conidiophore, b, shown denuded of the single 
conidium that had been borne on its tip. D, Portion of prostrate hypha, a, 
from which has been sent up a conidiophore, b, that bears a lateral branch, 
c; the tip of the main hypha, as also that of the branch, is shown denuded 
of the single conidium that had been borne on it. R, Uniseptatc conidia, a 
and h. F. Biseptate conidia, a-f. G, Triseptate conidia, «~/i. //, Quadri- 
septate conidia, a-I. I, Quinqueseptate conidia, a-j. J, Six-septate conidia, 
(i-L K, Seven-septate conidia, a-p. L, Eight-septate conidia, « and h. M, 
Nine-septate conidium. N, Densely ramifying system of thick lobulatc 
branches found produced on a submerged mycelial hypha. 



LEAF BLOTCH OF POPLAR CAUSED BY 
A NEW SPECIES OF SEPTOTINIA 

Alma M. Waterman i and Edith K. Cash 2 
(with 2 figures) 

^ For several years a conspicuous leaf blotch on plantation trees 
of hybrid poplar clones has been under observation in the eastern 
United States. The symptoms differ from those resulting from 
infection by the leaf fungi common on native poplars in that area 
and the causal organism has only recently been identified as a spe¬ 
cies of Septotinia. This genus was established by Whetzel (5) 
in the subfamily Ciborioideae of the Helotiaceae, based on S. podo- 
phyllina Whetzel, the only species then known in the genus. 

SYMPTOMS 

The leaf blotch first appears in early spring as small brown spots 
on the young developing leaves, frequently at or near the margin, 
but also at any point on the leaf blade. The spots usually increase 
rapidly in size, soon become gray at the center, and have an irregu¬ 
lar but sharply defined margin. On the most susceptible hybrids 
large areas of the leaf blade become invaded by the fungus. On 
the lower surface, the leaf blade and particularly the veins in the 
affected area become dark brown with white sporodochia along the 
veins. On the upper surface, small white masses of conidia soon 
appear, usually developing in concentric circles (fig. I, A). Along 

^ Pathologist, Division of Forest Pathology, Bureau of Plant Industry, 
Soils and Agricultural Engineering, U. S. Department of Agriculture, in 
cooperation wdth Yale University, New Hayen, Conn., and the Northeastern 
Forest Experiment Station, Upper Darby, Pa. The earliest observations of 
the disease were made by Dr. K. J. Schreiner of the Northeastern Forest 
Experiment Station, who instigated the study of the causal organism. The 
cultural and pathological phases of the study were carried on by the senior 
author, assisted by Kenneth F. Aldrich, Biological Science Aid in the same 
Division. 

2 Associate Mycologist, Division of Mycology and Disease Survey, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, U. S. Department of 
Agriculture, Beltsville, Maryland. The junior author identified the causal 
organism and prepared the description of the species. 
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Fig. 1. Scpfotinia populiperda. 
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the margin of the blotch, white fans of radiating hyphae are fre¬ 
quently formed just below the cuticle of the upper leaf surface, 
and these, together with a zonate appearance of the entire blotch 
as the leaf tissue becomes affected, are conspicuous characteristics 
of the disease. Individual spots may reach a diameter of 1.5 to 2 
inches, and two or more of these spots may coalesce, resulting in 
almost complete invasion of the leaf tissue. Early defoliation may 
follow and the young stems of the most susceptible hybrid poplars 
may thus be entirely defoliated by late summer. 

IDENTITY OF THE FUNGUS 

The fungus present on the leaf blotches produces an abundance 
of hyaline conidia borne on branched conidiophores which are com¬ 
pactly aggregated to form sporodochia. The conidia are ellipsoid 
and continuous at first, later becoming 1-3-septate, constricted and 
frequently breaking apart into two-celled fragments. On examina¬ 
tion of the literature it was found that this fungus had been de¬ 
scribed in 1932 in a paper by Moesz (3, p. 41-42, fig. 5) as oc¬ 
curring on Populus deltoides Marsh, in Latvia, under the name of 
Septogloeum populiperdum Moesz & Smarods. A collection on 
the same host, made in 1930, was also listed by Smarods (4, p. 50) 
without description. Two specimens of 5^. populiperdum on Popu- 
lus canadensis Moench from Latvia deposited in the Mycological 
Collections of the Bureau of Plant Industry have been examined, 
and the fungus was found to be identical both in macroscopic and 
microscopic characters with that found on the poplar hybrids in 
the United States. No references to S. populiperdum other than 
the two cited have been found. Neither of these articles contains 
a discussion of the distribution or economic importance of the leaf 
blotch, but the specific name would indicate the destructiveness of 
the fungus. 

Septogloeum populiperdum differs from typical species of Septo¬ 
gloeum in several respects. Its closest affinities are with the 
conidial stage of Septotinia podophyllind ^hich was described as 
Gloeosporium, and later referred to Septogloeum, Whetzel (5) 
pointed out that the conidial .stage of the fungus on Podophyllum 
is not referable to any described genus but felt it unnecessary to 
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give it a name since the perfect stage is known.The apothecial 
stage of the poplar fungus, although not yet found in nature, has 
been developed in culture and found to agree with that of Sepfo- 
tinia. Since the sperniatial and sclerotial stages characteristic of 
Septotinia have also been found in the fungus on poplar, it is 
therefore described as the second species of that genus. 


Septotinia populiperda Waterman & Cash, sp. nov. 

Conidial stage: Septotis populiperda (Moesz & Smarods) 
Waterman & Cash, comb. n. (Syn. Scptoglocum populiperdnm 
Moesz & Smarods, Magyar l^ot. Lapok 31: 41. 1932). 

Sporodochiis amphigenis, saepius epiphyllis, albo-pulveruleiitis, 80-500 m in 
diam.; conkliophoris dense compactis, hyalinis, septalis, 20-24 X 6-12/x, ccl- 
lula apicali interdimi triangulatim e bullis pluribus ornata, 12-15/* lata; 
conidiis hyalinis, unicellularibus vel 1-3-scptatis, basibus truncatis, apicibus 
acutis, ad septa constrictis et dirumpentibus, 15-45x4-7/*; scicrotiis per 
nervos folioruni dispositis, atris, angularibus, elongatis vel circularibus, ap- 
planatis, 3-5 X 1-2 mtn., interdum coalcscentibus; spcrmadochiis e spermatio- 
phoris paucis vel numerosis et dense compactis, verticillatim ramosis, c stirpe 
centrali oriundis, prope apices conipressis dein in forma collaris inflatis com- 
positis; spermatiis globosis, nucleatis, hyalinis, 1.5-2/* in diam., in catenulis 
vel massis agglutinatis; apothcciis caespitosis, lento-carnosulis, longe stipita- 
tis, breve cupuliformihus, centro plicato depressoque et marginc revoluto, 
hymenio avellaneo, 2-7 mm. in diani., 1-2 mm. altis, stipibus tenuibus, tortis, 
1-2 cm. longis, 1 mm. crassis, brunneis; ascis cylindricis, apicibus crasse 
tunicatis et obtusis, breve pedicellatis, octosporis, 125-135 x 6.6-8.5/*; asco- 
sporis hyalinis, ovoidcis, glabris, aliquantum inaequilaleralibus, 10.2-13.2 X 
4-5.5/*; paraphysibus hyalinis, numerosis, flexuosis, ramosis, apicibus ad 
1.5/* inflatis; strato subhymeniali flavidulo, plectenchymatico, exteriori hya- 
lino, pseudoparenchymatico, cellulis 30-40 /* in diam., subglobosis, tenuitunica- 
tis composito. 

Sporodochia amphigenous, usually epiphyllous, developing from 
hyaline subcuticular mycelium on large brownish-gray spots, white, 
pulverulent, 80-500 fi in diam.; conidiophores densely compact, 
hyaline, septate, thick-walled, slender below, becoming thicker to¬ 
ward the apex, 20-40 X 6-12^, the apical cell sometimes irregu¬ 
larly lobed or triangular, 12-15 fi wide, with 2-3 knoblike protuber¬ 
ances ; conidia hyaline, at first unicellular, oblong or acute at one 
end, 12-15 X 6-9/*, later 1-3-septate, obtuse at the base, acute at 

3 Buchwald (Contr. Dept. PI. Path. R. Veter. & Agr. Coll. Copenhagen 
No. 32, p. 104, 1949) has recently proposed the generic name Septotis for 
the conidial stage of Septotinia. 
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the apex, constricted at the central septum and breaking into 2- 
celled sections before germination, 2-celled conidia 15-25 X 4-7 /x, 
3-4-celled conidia 30-45 X 4-7 /x. Sclerotia formed along leaf 
veins, black, angular, elongate, or circular, flat, 3-5 X 1-2 mm., 
sometimes coalescing. Spermadochia composed of loose to com¬ 
pact groups of verticillately branched hyaline spermatiophores aris¬ 
ing from a central stalk, compressed near the a])ices, then sometimes 
inflated in the form of a collar; spermatia globose, 1-celled, hyaline, 
1.5-2/X in diameter, each with a large nucleus, often adhering in 
chains or masses. Apothecia ^ single or more often caespitose, 
tough fleshy, long stipitate, shallow cupshaped, with depressed 
slightly plicate center and revolute margin, hymenium avellaneous 
to light cinnamon drab, exterior cinnamon drab to wood brown, 
2-7 mm. in diameter, 1-2 mm. deep; stipes long, slender, contorted 
and spirally twisted, 1-2 cm. long, 1 mm. thick, wood brown be¬ 
coming bone brown in age; asci cylindrical, wall thickened and 
somewhat flattened at the apex, slightly narrowed to a short pedi¬ 
cel, 8-spored, 125-135 X 6.6-8.5/x; ascospores hyaline, ovoid, 
smooth, unsymmetrical, swollen on one side and depressed on the 
other, 10.2-13.2 X 4-5 /u,; paraphyses numerous, flexuous, hyaline, 
branched about 20/x below the apices, 1-15/x thick; subhymenial 
layer pale yellowish, plectenchymatic, outer layer hyaline, pseudo- 
parenchymatic, composed of subglobose, hyaline, thin-walled cells 
30-40 /X in diameter. 

On leaves of hybrid clones of Populus spp., Maine, Vermont, 
Connecticut, Massachu.setts, New York, Pennsylvania, and Mary¬ 
land; also on leaves of P: trichocarpa Hook, and P. jremontii S. 
Wats., growing in the vicinity of infected hybrid poplars in 
Maryland. 

Apothecia produced in type culture derived from conidia on 
leaves of clone of hybrid (P. deltoides virginiana (Castiglioni) 
Sudw. X P. trichocarpa)f FP97101, are deposited in the Myco- 
logical Collections of the Bureau of Plant Industry, Beltsville, Md. 

Specimens examined: Septogloeum populiperdum Moesz & 
Smarods on Populus canadensis Moench. Salaspils, Prov. Vidzeme, 
Latvia, Sept. 25, 1932, J. Smarods, Fungi latvici exsiccati No. 241; 
Stopini, Prov. Vidzeme, Latvia, July 20, 1935, coll. J. Smarods, 
ex Herb. J. Smarods. 

* Description of apothecia is based on specimens grown in culture. 

® Color readings are from Ridgway, R., Color standards and color nomen¬ 
clature. Washington, 1912. 
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Although very similar to Septotinia podophyllina in all of its 
stages, the species on poplar shows some morphological differences, 
such as larger apothecia, contorted and spirally twisted stipes, and 
smaller, unsymmetrical ascospores. The vspermatia are also smaller 
and globose instead of ovate, and the 1- and 2-celled conidia are 
shorter than those in S. podophyllina. 

CULTURAL characteristics 

Ten monoconidial isolates from leaf blotches on 8 clones of 6 
hybrid poplars were cultured for a comparative study of variations 
among the ivsolates. Conidia, usually two-celled before germination, 
produced germ tubes readily from both cells in hanging-drop watei 
culture or on potato-dextrose agar within 18 hours. A vigorous 
growth of white, fluffy, aerial mycelium developed on both malt 
extract and potato-dextrose agar. At room temperature colonies 
developed to about 25 mm. in diameter in a week and spermadochia 
with abundant spermatia were produced. In monoconidial cultures 
on potato-dextrose agar in 150 cc. Erlenmeyer flasks, the advanc¬ 
ing edge of the colony soon showed a fanlike growth of radiating 
strands of hyphae similar to that occurring at the margin of a leaf 
blotch. The aerial hyphae gradually became more appressed to the 
agar surface, forming a thick mycelial mat. In some monosporous 
colonies the mycelium remained white, but in others it became tan 
or yellowish brown, gradually darkening to gray brown. In about 
10 days scattered compact masses of mycelium appeared and these 
gradually darkened, forming black sclerotia (fig. 1, /?). In all 
isolates the sclerotia were circular at first, and in the flask cultures 
were distributed in concentric circles. The isolates from the vari¬ 
ous leaf blotches differed considerably in the ultimate size and 
shape of the sclerotia. Some of these remained circular while 
others were irregular and later tended to coalesce, forming a thick 
crust, frequently covered with a grayish-brown mycelial mat. 
However, the conidia from an individual leaf blotch developed 
colonies which resembled one another very closely. Sclerotia were 
abundant in the isolates from some blotches, but were rare in those 
from others. In the latter, amber-colored gelatinous masses of 
spermatia were conspicuous on the spermadochia which usually 
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were arranged in concentric circles (fig. 2, A). This variation in 
production of sclerotia and spermatia suggests the plus and minus 
strains reported by Whetzel for Septotinia podophyllina (5). 

In some of the flask cultures on potato-dextrose agar at room 
temperature, receptive bodies similar to those described by Dray¬ 
ton for Sclerotinia gladioli (2) began to appear about a month 
after the sclerotia had formed. The receptive bodies (fig. 2, /?), 
which developed singly or in groups directly from the sclerotia, 
were very slender columns 10-20 mm. long, slightly hairy, cream- 
or fawn-colored, tapering to a darker apex. The columns became 
curved or twisted as they lengthened, apparently in response to 
light stimulus. In agar cultures these bodies failed to develop fur¬ 
ther and soon withered. Spermatization was attempted by grow¬ 
ing two isolates in proximity in a flask and also by pouring over 
the sclerotia a water suspension of spermatia from another isolate. 
The receptive bodies, however, showed no response to either treat¬ 
ment. Therefore, a method of spermatization based on that devised 
by Drayton (2) was developed. Entire sclerotia! layers Irom the 
potato-dextrose agar cultures with receptive bodies were trans¬ 
ferred to flasks containing a three-fourth inch layer of moist 
sterilized sand. A water suspension of spermatia from another iso¬ 
late was poured over the sclerotia and also applied to the tips of 
the receptive bodies by means of a sterilized camers-hair brush. 
A thin layer of a moist sterilized mixture of soil and leaf mold was 
then sprinkled over the surface of the sclerotia. No further devel¬ 
opment of the receptive bodies took place. In a second attempt at 
spermatization a water suspension containing a mixture of sper¬ 
matia from four isolates was similarly applied to sclerotia and 
receptive bodies in sand cultures, and a thin surface layer of the 
moist sterilized soil was added. Within a week at room tempera¬ 
ture the tips of the receptive bodies began to darken slightly and 
expand, eventually developing into fawn-colored apothecia (fig. 
2, B, C) with mature ascospores. It was found that receptive 
bodies appeared more rapidly when the sclerotial layer was trans¬ 
ferred from potato-dextrose agar to moist sand as soon as it was 
well developed. By this method the entire process of development 
from the isolation of a single canidium to the maturing of the 
ascospores required about JO to 12 weeks at room temperature,* 
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Fig. 2. Septofinia populiperda . 
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Of the ten isolates used in this study only four developed recep¬ 
tive bodies and mature apothecia. In these four, the sclerotia were 
abundant but spermatia were comparatively rare. The remaining 
isolates formed an abundance of spermatia, but the sclerotia were 
mostly limited to the outermost portion of the culture next to the 
glass of the flask. 

No conidia have been produced in culture. The spermadochia, 
spermatia, apothecia, and ascospores resembled very closely those 
described and illustrated by Whetzel for Septotinia podophyllina 
(5). However, no study of temperature relations in the growth 
of the poplar fungus has been made, and color reactions in the 
agar, reported by Whetzel, have not been observed. 

The spermadochia showed considerable variation in development 
and form. In some cultures they were composed of a short central 
stalk with a rather loose group of verticillately branched spermatio- 
phores, from the tips of which the spermatia were produced in basi- 
petal succession. The spermatia were held together in gelatinous 
masses but the general appearance of the mycelial surface of the 
culture was diffuse and powdery. In other cultures the sperma¬ 
dochia were large compact groups of verticillately branched sper- 
matiophores arising from a stout central stalk which usually was 
composed of a strand of closely woven hyphae. The spermatia 
developed in abundance on the tips of the spcrmatiophores, form¬ 
ing dense gelatinous masses. These masses of spermatia gave an 
amber-colored waxy appearance to the surface of the culture. 

Apothecia have not yet been collected in nature but sperma¬ 
dochia have been found on the blades of fallen leaves and smooth 
black sclerotia on the veins. Cultures from these sclerotia have 
produced characteristic mycelial growth, with spermatia and 
sclerotia. 

PATHOGENICITY 

The leaves of small potted poplar trees developed from cuttings 
and growing in the greenhouse were inoculated with a suspension 
of ascospores. The solution used for the suspension was the 
sodium-oleate-gelatin mixture devised by Andersen and Henry 
(1), and made according to the formula which proved to be the 
most effective spreader-sticker combination in their experiments. 
Tests with the Septotinia ascospores in the mixture in hanging- 
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drop cultures showed a high percentage of germination in 24 hours. 

The species and hybrids of poplars tested were as follows: 2 
clones of Populus fremontii, 2 clones of F. trichocarpa, 2 clones of 
F. charkowiensis Schroed. X P. trichocarpa, 1 clone of F. sargentii 
Dode X F . herolineyisis rossica, 1 clone of F. petrowskyana Schneid. 
X F . catidina, 1 clone of F. candicans Ait. X F, berolinensis Dipp. 
One tree of each clone, averaging about 14 leaves per tree, was 
inoculated by placing droplets of the ascos]>orc suspension on both 
surfaces of each leaf by means of a pipette, allowing the droplets 
to spread naturally. Satisfactory spread of the .suspension was 
obtained on both leaf surfaces. One additional tree of each of the 
hybrid clones and one of F. fremontii were similarly treated with 
the sodium-oleate-gelatin mixture without spores and were main¬ 
tained as controls. All trees were placed under a humidity tent 
on the greenhouse bench for 48 hours. 

Within two weeks small spots appeared on a few of the leaves of 
the 2 clones of the charkonnensis X trichocarpa hybrid. The spots 
developed rapidly and sporodochia with mature conidia were pro¬ 
duced. Four weeks after inoculation monoconidial isolations were 
made on potato-dextrose agar and the resulting cultures developed 
characteristic spermatia and .sclerotia. Leaves of the other hybrid 
clones failed to develop leaf spots. On the tree of one clone of 
F. trichocarpa a few leaves showed a browning of the midrib and 
veins suggestive of that occurring on infected leaves under natural 
conditions but no leaf blotches or sponnlochia developed and leaf 
cultures failed to produce characteristic Septotinia mycelium. No 
indication of infection was evident on the leaves of the trees used 
as controls. 

'Phese limited results, together with field observations, indicate 
the pathogenicity of the fungus, and the rapid development of the 
leaf blotch following infection. The conditions favoring the spread 
of the disease in plantings of hybrid poplar clones and the relative 
susceptibility or resistance of native and introduced poplar species 
as well as clones of the hybrid poplars are being studied. 

SUMMARY 

A leaf blotch on young plantation trees of hybrid poplar clones 
in the eastern United States is caused by a hitherto unknown spe- 
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cies of Septotinia, described as S, populiperda. Large areas of the 
leaf blades may become affected and extensive premature defolia¬ 
tion may result. Sporodochia with white masses of conidia are 
found on both surfaces of the leaf spots, usually developing in 
concentric circles on the upper surface. 

Spermadochia with verticillately branched spermatiophores bear¬ 
ing masses of spermatia form on fallen leaves, and small black 
sclerotia may be found along the veins. Apothecia have not been 
observed in nature but were produced in pure culture on sterilized 
sand, following the spermatization of receptive bodies with com¬ 
patible spermatia. 

The leaves of trees of five hybrid poplar clones and of two species 
of poplar were inoculated in the greenhouse with a suspension of 
ascospores. 1'ypical leaf blotches with sporodochia and conidia 
were produced on two clones of the hybrid Popiilus charkozvicnsis 
X P. trichocarpa. 
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EXPLANATION OF FIGURES 

Fio. 1. A. Upper surface of portion of poplar leaf with blotches, showing 
white masses of conidia in concentric circles and white fans of radiating 
hyphae at margins of blotches; natural size. Photograph by R. L. Taylor. 
B. Sclerotia in monoconidial culture on potato-dextrose agar; natural size. 
Photograph by H. G. Eno. 

Fuj. 2. A. Spermadochia in concentric circles on potato-dextrose agar. 
B. Apothecia developed from cross-spermatizatioTi of receptive bodies in 
flask culture, on sterilized sand, soil, and leaf mold; receptive bodies in the 
background; natural size. C. Mature apothecia in flask culture; three times 
natural size. Photographs by H. G. Eno. 



A NEW GENUS OF THE TREMELLALES 
FROM LOUISIANA 


Lindsay S. Olive 


(with 2 FIGURES) 

During a field trip in a swampy wooded area near Baton Rouge, 
Louisiana, the writer collected a jelly fungus which seems not to 
have been previously described. The fungus, which clearly belongs 
in the Auriculariaceae, was found growing on a fallen dead limb 
of a frondose tree (fig. I, 1). Although it was found to resemble 
Platygloea in some ways, there are several important features which 
prevent its inclusion in that genus, at least without a revision of 
the present concept of Platygloea. The writer considers it advis¬ 
able to erect a new genus to accommodate this new species of jelly 
fungus. 

Mycogloea gen. nov. 

Fructificationibus gelatinosis, indeterminatis; basidiis bacillariis et trans- 
verse-septatis, sterigmata comparative brevia gerentibus; basidiis gemnatis 
ex cellis binucleatis persisteiitibus in modo structuarum vacuaruni basibus 
basidiorum, e quibus facile separabiles sunt. 

Type species M. carnosa. 

Fructifications gelatinous, indeterminate; basidia rod-like, trans¬ 
versely septate, producing relatively short sterigmata, budded out 
by binucleate cells, which persist as empty structures at their bases 
and from which they readily become detached. 

Mycogloea carnosa sp. nov. 

Fructificationibus firniiter gelatinosis, colorem carnosuni typice habentibus. 
Pustulibus, 0.4-2.4 mm. diam., coalescentibus et usque ad 12 mm. longis 
attinentibus. Hymenio consistentc paraphyses, conidiopbora, et basidia. Pa- 
raphysibus curvatis vel circinatis terminalibus, 1.7-2.5/a diam., conidiis ovatis 
vel elongatis, 2.7-3.8 X 3.8-9.1 /a. Basidiis 3.2~4.9 X 21-50 /a, angustis, cylin- 
draceis quattuor cellulas habentibus, gemnatis ex binucleatis cellulis sub- 
basidiis, quibus facile separatis sunt, germinantibus et productentibus sporidia 
vel basidiosporas. Sporidiis 2.4-3.8 X 3.8-6.1/tA; basidiosporis apiculatis, 2.7- 
3.4 X 6.1-8.4/a. Have species in frondoso ramo demortuo crescit, 
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Fructifications firmly gelatinous or cartilaginous-gelatinous, sor¬ 
did white to light orange, typically flesh-colored, at first appearing 
as small pustules 0.4--2.4 mm. in diameter, pustules coalescing and 
forming flattened tuberculate masses up to 12 mm. or more in 
length, indeterminate. Drying to thin, horny, amber-colored to 
dingy brown masses. Hynienium containing paraphyses, conidio- 
phores, and basidia. Paraphyses sparingly branched, curved, or 
circinate at their tips, 1. 7-2.5 /a in diameter; conidio])hores irregu¬ 
larly branched, producing oval to elongate conidia measuring 2.7- 
3.8 X 3.8-9.1 fi; basidia straight, narrow, 4-celled, 3.2-4.9 X 21- 
50 fi, produced by binucleate sub-basidial cells from which they are 
easily detached at maturity, germinating and producing basidio- 
spores on short sterigmata, or giving rise to an indefinite number 
of conidia; basidiospores apiculate, flattened on one side, 2.7-3.4 X 
6.1-8.4/Lt; basidial conidia mostly oval, 2.4-3.8 X 3.8-6.1 ft. 

A single collection was made on a dead corticate frondose limb, 
near Baton Rouge, Louisiana, April 28, 1949. 

Microscopic examination of the fungus reveals the presence of 
a hymenium containing numerous paraphyses, which are charac¬ 
teristically curved or coiled at their tips (fig. 1,2). The ends of 
the paraphyses often undergo gelatinization, a j)rocess which can 
be hastened by the addition of potassium hydroxide solution to the 
mount. The straight, rod-like basidia arise in proliferating clusters 
apically and on lateral branches of fertile hyphae with clamp con¬ 
nections, or on lateral branches which originate at different inter¬ 
vals along the lower portions of the paraphyses. The paraphyses 
extend considerably beyond the basidia. Also present in the hy¬ 
menium, along with the basidia and paraphyses, are hyphae bearing 
conidia. These hyphae are irregularly branched, and no clamp 
connections were found on them (fig. 2, 5). Conidia are produced 
in large numbers by these hyphae. 

When a fresh mount of the mature fructification is made for 
microscopic observation, one of the mpst impressive features is the 
abundance of detached basidia floating about in the water, along 
with a large number of conidia (fig. 1,2). The basidia apparently 
become readily detached in nature, many of them rising to the sur¬ 
face of the fructification. It is difficult to find germinating basidia 
with basidiospores still attached, and most of the basidia seem to 
bud out indefinite numbers of conidia in a manner characteristic of 
the basidia of many smut fungi. It hai^idia are spread out on plain 
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agar to germinate, the conidia are produced even more profusely 
(fig. 2, 1-4), These conidia are capable of budding in a yeast-like 
manner. When a mass of basidia is placed in a drop of water on 
a slide and kept in a moist chamber for a while, most of the basidia 
produce conidia upon germination. However, many of the basidia 



Fig. 1. Mycogloca carnosa . 

located near the surface of the water produce basidiospores (fig. 1, 
4; 2, 20, 21 ). These spores are produced above the surface of the 
water. It seems likely, therefore, that in nature the basidia which 
remain farther down in the fructification produce conidia; whereas, 
those which drift up closest to the surface after becoming detached 
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are more likely to produce basidiospores. The latter produce their 
basidiospores on relatively short sterigmata and resemble the 
basidia of a typical rust fungus. 

With the use of propiono-carmine smear preparations of the hy- 
menium, the writer has been able to make a brief cytological study 
of the organism. Nuclear details in the conidiophores were not 
observed, but the conidia were found to be both uninucleate and 
binucleate (fig. 2, 6): The fertile hyphae are dikaryotic, with 
clamp connections at the septa (fig. 2, 7). The basidia are con¬ 
sistently produced by special binucleate cells which proliferate, with 
the aid of clamp connections, from the ends of fertile branches. 
Each basidium is produced in the following manner. A terminal 
binucleate cell with a clamp connection at its base produces a bud 
at its tip (fig. 2, 8). The two nuclei and some cytoplasm migrate 
into the bud cell (fig. 2, 9). Hoth the bud cell and the cell which 
produces it continue to elongate, and the two nuclei in the bud cell 
fuse (fig. 2, 10-12). It is obvious, therefore, that the young bud 
cell is a probasidium. The cell beneath it is referred to by the 
writer as a sub-basidial cell. The fusion nucleus now divides and 
a septum appears across the middle of the basidium dividing it into 
two uninucleate cells (fig, 2, 13, 14). A second nuclear division 
occurs and a 4-celled, 4-nucleate basidium is produced (fig. I, 3; 
2, 15, 16). These two successive nuclear divisions, in all likeli¬ 
hood, are meiotic. By thi 3 time the sub-basidial cell is much elon¬ 
gated, devoid of cytoplasm, and somewhat collapsed (fig. 2, 17). 
The mature basidium easily becomes detached from the empty sul)- 
basidial cell. 

When the basidium produces basidiospores, each cell gives rise 
to a sterigma which, in turn, produces a single uninucleate basidio- 
spore at its tip (fig. 2, 18-21). The basidium is entirely emptied 
of protoplasm as the four spores are produced. Qu the other hand, 
when the basidium produces conidia, several conidia may bud out 
either directly or on short protrusions from each cell. The basidial 
nuclei divide and produce the conidial nuclei, and the basidium 
retains its 4-nucleate condition; the basidial conidia are uninucleate 
(fig. 2, 22). 

According to Martin (Univ. Iowa Stud. Nat. Hist 18: 67. 
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1944), at least one species of Platygloea, namely P, fimicola 
Schroet., may have persistent probasidium-like structures (“hypo- 
basidia”). There is no information concerning cytological devel¬ 
opments in that species, however. Furthermore, there might be 
some question as to whether a species with persistent probasidia 
should be included in Platygloea, In any case, the present fungus 
differs markedly from P. fimicola and from all other .species of 
Platygloea known to the writer in that it produces straight, rod¬ 
like, easily detachable basidia, which may germinate normally to 
produce indefinite numbers of conidia, or which may produce ba- 
sidiospores on relatively-short awl-like sterigmata. These are 
unlike the sterigmata of Platygloea, which typically become con¬ 
siderably elongated. The sub-basidial cells are also a conspicuous 
feature of the new fungus. Although they may su])erficially re¬ 
semble persistent probasidial cells at the bases of the mature 
basidia, they are not considered to be true probasidia, since nuclear 
fusion does not occur in them, but in the cells budded out by them. 

The writer is grateful to Dr. C. W. Edgerton, Department of 
Botany, Louisiana State University, for his assistance in the prep¬ 
aration of the photographs, and to Dr. Concetta C. Bellini for her 
preparation of the Latin descriptions. 

Department of Botany, 

Columbia University, 

New York 27, N, Y. 

EXPLANATION OF FIGURES 

Fig. 1. 1 - 4 . Photomicrograph.s. 1 , Fructifications on dead wood (X 1.5) ; 
2, crushed preparation of hymenium, showing curved paraphyses, basidia, 
and conidia (X 240); 3 , two 4-celled, 4-nucleate basidia and conidia (X 1400) ; 
4 , basidium producing basidiospores (X 780), 

Fig. 2. 1 - 22 . Microscopic study of living and stained material (all figures 
X 1380). 1 - 3 , basidia giving rise to conidia on agar; 4 , basidial conidia, 
some budding; 5, conidiophorcs producing conidia; conidia, uninucleate 
and binucleate; 7 , hyphae with clamp connections and binucleatc cells; 3 , 9 , 
binucleate cells budding out basidia; 10 , 11 , nuclear fusion in young basidia; 
12 , young basidium with fusion nucleus; binucleate probasidium; 13 , 14 , 
two-celled basidia after first meiotic division;. 15 , 16 , mature 4-celled, 4- 
nucleate basidia (detached) after second meiotic division; 17 , cluster of 
mature basidia still attached to empty sub-basidial cells; 18 - 21 , basidia ger¬ 
minating and producing uninucleate basidiospores; 22 , basidium budding out 
uninucleate conidi^. 



A NEW ACHLYA FROM MACKINAC IS¬ 
LAND, MICHIGAN, WITH NOTES ON 
OTHER SPECIES ‘ 

T. W. Johnson, Jr.- 
(wmi 2 figures) 

Several studies relating, at least in part, to the presence of 
saprolegniaccoiis fungi in the soils and waters of various localities 
in Michigan have been published in the past by such workers as 
Kauffman, Pieters, and Kanouse. The region north of the Uni¬ 
versity of Michigan Biological Station, near Cheboygan, Michigan, 
has not, however, been the object of any collections made specifi¬ 
cally for the Saprolegniaceae, either by these or other investigators. 
In particular, Mackinac Island has, it would appear, lieen over¬ 
looked as a possible source for these fungi. 

Opportunity was afforded on July 18, 1948, of obtaining from 
the Island, collections of soil and water which might yield sapro- 
legniaceous fungi. The results of this preliminary survey were 
promising indeed, since, out of a total of 61 collections, 49 isolates 
were obtained, representing 4 genera, 9 previously described species 
and one variety, 6 non-fruiting isolates, and one apparently new 
species. Five of the known isolates, Achlya Rodrigueziana F. T. 
Wolf, A. flagellata Coker, Saprolegnia dclica Coker, S', monoica 
var. glomcrata ? Tiesenhausen, and Dictyiichus anomalus Nagai, 
have not, heretofore, been reported from Michigan. Figure 1 
shows the areas in which collections were made. 

Samples were taken from seventeen areas on Mackinac Island. 
The collections were made from such diverse localities as: water 

^ Contribution No. 898 from the Department of Botany, University of 
Michigan. 

2 The author wishes to express his deepest appreciation to Professor F. K. 
Sparrow, for his helpful suggestions and criticisms in the preparation of 
this paper, and to Mrs. T. W. Johnson, for assistance in preparation of 
the figures. 
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Fig. 1. Sketch of Mackinac Island, Michigan, showing areas of collection 
and points of orientation. Scale: 1" = appx, 800 yards. 
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from beach pools and inland pools; sandy, dry soil from the mar¬ 
gins of beach pools and near the vegetation line; humus from the 
forest floor; muck from an intermittent bog) and soils and water 
from marsh areas adjacent to the beach line. An abundance of 
dead, young lake trout {Cristovomer sp.) bearing a cottony my¬ 
celial growth were found in a few of the beach pools. Three of 
these fish were taken as part of the collections. 

The samples were subjected to the usual well-known methods of 
obtaining these fungi. Single spore isolates were made of all spe¬ 
cies as they were recovered frcnn the samples. All identifications 
and descriptions are based on colonies 12-16 days old, growing on 
half of a boiled hempseed, in 30 cc. of sterile, charcoal-filtered, dis¬ 
tilled water, at a temperature of 22 ± .4° C. Percentages, aver¬ 
ages, etc., are reported on the basis of 500-700 observations or 
measurements of the morphological features concerned. 

Three collections from the Island yielded a fungus, intermediate 
between Achlya Klebsiana Pieters and A, Rodricjucziam F. T. 
Wolf. The plant, however, is sufficiently distinct from these and 
other known species to be considered as new. 

Achlya michiganensis sp. nov.® Fro. 2 

Myceliis in scmine Cannabis salivac dcnsis, fiuandoque pnrrectis usque ad 
1-1.5 cm. ill diametruni; liyiihis primariis in basi 40-50/' diam. Sporangiis 
copiosis, cylindratis aut atleniiatis, inter 152-210 /a longis et 17-22diam.; 
cymosis, zoosptiriis 9.9-1 1.0 m diam., germinantibus sicut in Achlyis; aliquibus 
secondariis sporangiis excrescentibus ex 1-3 lateralibus papillis. Gemmis. 
paucis, variis, plerumquc inaequalitcr formatis. Oogoniis copiosis et globosis; 
natis ex primariis hypliis in ramulis lateralibus, curvis aut raro rectis, non- 
numquam semel usque ad (|uatcr aut magis pro diametrtj cuiusque oogonii, sed 
plerumque bis u.sque ad ter; raro terminalibus, numquam intercalaribus; 35- 
66 M diam., plerumquc 38.5-49.5 M; prolifercntibus et prolem crescentibus abun- 
danter; tunica levi et tenui, notata iiullis punctulis nisi ubi anthcridia tangunt. 
Oosporiis globosis aut ellipticis; excentricis; inter 18.7-28.6 M d:am., sed 
plerumquc inter 22.0-25.3 M; numero 1-6, plerumque 3, rarissimc 8-10. 
Antheridiis frcquentissime dicliniis nonnumquam irregularibus et contortis; 
persistentibiis; antheridio digitalibus proniinentiis aflfixo, 1-4 pro quoque 
oogonio. 

Hab. ad terram humosam, Mackinac Island, Michigan, July 18, 1948. 

^ Grateful acknowledgment for the preparation of the Latin diagnosis is 
extended to Professor Bruno Meinecke, Department of Classical Studies, 
University of Michigan. 
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Growth on hempseed dense, the colony averaging 1-1.S cm. in 
diameter; principal hyphae 40-50 fi in diameter at the base. Gem¬ 
mae scarce, even in very old cultures; variable in size; irregular; 
mostly terminal and single, or not in chains of more than two. 
Sporangia abundant; cylindrical, or tapering toward the apex; 
predominately broadest near the middle; 112-280 X 14-28/a, usu¬ 
ally 152—210 X 17-22/jl; renewed only by cymose branching; pri¬ 
mary zoospores escaping through an apical pore and encysting to 
form a hollow sphere; in occasional secondary sporangia also 
escaping through 1-3 long, lateral exit tubes; encysted spores 9.9- 
11.0/1 in diameter. Oogonia abundant, spherical or short-pyri¬ 
form ; borne laterally along the main hyphae on bent or rarely 
straight stalks 1-4 or more times longer than the diameter of the 
oogonium, usually on stalks 2-3 times the diameter of the oogo¬ 
nium; rarely terminal, never intercalary; 35-66/x in diameter, 
predominately 38.5-49.5/i; proliferation of unfertilized oogonia 
common; wall smooth, thin, unpitted except where antheridial cells 
are attached. Oospores spherical or ellipsoidal; eccentric, with a 
single oil droplet not completely surrounded l)y protoplasm; 18.7- 
28.6 /I in diameter, predominately 22.0-25.3 /i, averaging 23.7 /x in 
diameter; in large, abnormal oogonia, predominately 19.0-20.1/x; 
1-6, usually 3 in number, very rarely 8-10 *; germination not ob¬ 
served. Antheridial branches predominately diclinous; if andro¬ 
gynous, the branch usually originating remote from the oogonium 
and its stalk; long, much-branched, irregular and contorted; per¬ 
sistent ; antheridial cells clearly abstricted, and attached to the 
oogonium by finger-like projections; 1-4 antherulia to an oogo¬ 
nium ; fertilization tubes rarely formed. 

From wet humus and sandy soil. Catholic Cemetery, Area 12 
(Type) : dry, sandy soil, near Military Cemetery, Area 13; wet 
debris and sand from below water line in a pool, Old Port Garden, 
Area 16. Mackinac Island, Michigan, July 18, 1948. 

The small number of oospores, the small, smooth-walled oogonia 
which tend to proliferate when unfertilized, the bent or curved 
oogonial stalks, and the much-branched, irregular antheridial 
branches, constitute the distinctive features of this fungus. 

Achlya michiganensis has been compared with living material of 
Achlya Klebsiana, A. Rodrigueziana, -i. ainericana, A, flagellata, 
and several of the closely related papillate species of the genus. 

About 5% of the oogonia with 1 oospore, 25% with 2, 40% with 3, 15% 
with 4, 10% with 5, 5% with 6, and less than .2% with 8 or 10. 
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The affinity of this Michigan plant to A. Klebsiana and A. Rodri- 
gueziana is at once obvious. 

Achlya michiganensis differs from A. Klebsiana as defined by 
Pieters (8) in the following features: possession of pits in the 
oogonial walls at the point of attachment of the antheridial cells; 
formation of longer, bent or recurved oogonial stalks; presence of 
an occasional androgynous antheridium; frequent proliferation of 
linfertilized oogonia, and’a lesser number of smaller oospores. The 
living material of A. Klebsiana (kindly furnished by Professor 
J. N. Couch) has characteristics not in complete agreement with 
the fungus as described by Pieters. This material has, neverthe¬ 
less, l)een used as a basis for comparison, although with the reser¬ 
vation that it may not be A. Klebsiana. In the final analysis, 
Pieters' description of A. Klebsiana must necessarily be accepted 
as the correct interpretation. The sporangia which discharge the 
spores only by an apical pore; the occasional presence of 1~3 long, 
lateral exit tubes in some secondary sporangia; scarcity of gemmae; 
more pronounced curve or bend to the longer oogonial stalks; 
smaller size of the oogonia; the lesser average number of oospores; 
the much-branched, irregular antheridial branches, and the fre¬ 
quent proliferation of unfertilized oogonia in A. michiganensis, 
are points of distinction between it and the material supplied by 
Professor Couch. 

With respect to oogonial size, eccentricity of oospores, and pro¬ 
liferation of oogonia, there is a resemblance between A. michi¬ 
ganensis and A. Rodrigueziana (11). On the other hand, the 
unpitted oogonial walls, smaller number of oospores, fewer andro¬ 
gynous antheridia, parthenogenetic maturation of some unfertilized 
oogonia, more abundant gemmae, and more extensive growth of 
A. Rodrigueziana, serve to distinguish it from the Mackinac Island 
isolate. 

Proliferation of oogonia in Achlya prolijeroides and A. flagellata 
is suggestive of A. michiganensis, but beyond this similarity, the 
two known species are obviously distinct from the present fungus. 
The illustrations of Achlya Oryzae Nagai (7), from Japan, are 
suggestive of A. michiganensis. Nagai’s species may readily be 
separated from our plant on the basis of the possession of larger 
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oogonia, pitted oogonial walls (rarely not pitted), larger number 
of oospores, ramified or clasping antheridial cells, and the more 
frequent androgynous antheridia. Our species is also decidedly 
different from any of the European species of Achlya thus far 
described. 

Preliminary studies concerning the effect of natural environ¬ 
mental conditions (clear stream water, stagnant pool water, etc,) 
on the distinguishing morphological features of A. ntichiganensis, 
would seem to indicate that the fungus is consistently stable in its 
characteristics. The formation of more abundant gemmae was not 
induced by any of the cultural conditions which were utilized. The 
effect of low temj)eratures on the production of papillations on the 
oogonial walls of A. inichujaHcnsis was also studied. Temperatures 
of 10, 15, and 20° C. were ineffective in inducing papillate oogonia. 

OTHER fungi recovered 

Saprolegnia parasitica Coker. This species was obtained from 
the following localities: dead lake trout, in beach ])ool south of 
Grand Hotel, Area 1; beach pool near Pontiac’s Lookout, Area 5, 
and beach pool below Lover’s Leap, Area 6. Attempts to induce 
sex organ formation by cultivation of the isokites on the glucose- 
peptone medium suggested by Kanoiuse (5), were successful in 
only one of our isolates. Tn these colonies the fructifications were 
comparable to those described by Kanouse for .V. parasitica. The 
vegetative and asexual features of the sterile isolates were char¬ 
acteristic of the species. 

Saprolegnia ferax (Gruith.) Thuret. Isolated from wet humus 
and sandy soil taken from the bank of Hrown Brook, Area 9. 
Irregular sporangia; large, pitted oogonia which havt* a tendency 
toward clustering, and rarely-formed antheridia characterize this 
species. Another morphological feature which api)ears of some 
value in the identification of S. ferax is the formation of cylindrical 
oogonia in old sporangia. In the first of our i olates, Strain M9-1, 
this feature is of common occurrence, while in the second isolate, 
Strain M9-2, it is quite infrequent. The percentage of antheridia 
has varied considerably in our two strains from culture to culture. 
Strain M9-1 produced antheridia varying from 1.5-76% in twelve 
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consecutive cultures. Strain M9-2, on the other hand, produced 
antheridia on .6-11% of the oogonia in the same number of sub¬ 
cultures, grown under similar conditions. The oospores in Strain 
M9-1 were slightly smaller than those reported for S. ferax, while 
in Strain M9-2 these structures agreed in size with the species as 
interpreted by Coker and Matthews (2). 

Saprolegnia mixta deBary. Collected from sandy soil below 
Stonecliff, Area 7; water from beach pool 200 yards northeast of 
Stonecliff, Area 8; soil and humus near cemeteries, Areas 11 and 

12, and from water and debris, east edge of Marsh, Area 15. This 
ubiquitous species has been identified with difficulty. Only the 
isolate recovered from Area 15 was truly comparable to the species 
as understood l)y Coker and Matthews. The other isolates have 
varied from the type, particularly with regard to the number of 
oospores, and the size of oogonia. The percentage of antheridia 
formed in our collections has been so variable, ranging from 15- 
90%;, that it was of little value in the determination of the species 
of the majority of our isolates. The percentage of antheridia for 
S, mixta, as described hy Coker and Matthews, is “40% or more 
but not on all of the oogonia.“ None of our isolates has produced 
cylindrical oogonia in old, discharged sporangia, and it is primarily 
on this basis that our strains have been separated from vS". ferax, 
a closely-allied species. 

Saprolegnia delica Coker; Collected from soil and debris near 
vegetation line at bathing beach, Area 4, and from soil and debris 
near vegetation line, Pontiac's Lookout, Area 5. Our collections 
differ from the species as defined by Coker (1) only in the fewer 
number of small, abnormal oospores formed in the large oogonia. 
Up to 40 such oospores were reported by Coker; only up to 28 
have been observed in the oogonia of our isolates. 

Saprolegnia diclina Humphrey. Recovered from soil and humus, 
Protestant Cemetery, Area 11, and from Military Cemetery, Area 

13. The occasional occurrence of oogonia in chains is reported in 
J?. diclina by Coker (1), although Humphrey (4) makes no men¬ 
tion of this feature. In the Mackinac IslatKi material of this spe¬ 
cies, grown under the conditions previously outlined, the appear¬ 
ance of oogonia in a moniliform arrangement is rather infrequent. 
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The percentage of such organs has been altered from 2-55 by vary¬ 
ing the temperature at which the cultures were grown. The high¬ 
est percentage of moniliform oogonia was obtained in a culture 
developing at 10 ± .3° C., while the lowest percentage was found 
in a culture grown at 22 ±: .4° C. With respect to the other fea¬ 
tures which identify S. diclina, our isolates agree remarkably well, 
particularly in the disappearance of the antheridial branches soon 
after the antheridial cells are abstricted. 

Saprolegnia monoica var. glomerata (?) Tiesenhausen. This 
variety was found in water and debris taken from a beach pool at 
the southeastern end of the bathing beach, Area 3. Our collection 
resembles (|uite closely Coker’s conception of the variety, but is 
markedly different from Ticsenhausen’s original description (10). 
Three points of distinction between our isolates and Tiesenhausen’s 
may be made. First, the oospore numlier in the variety glomerata 
is less than in our material. Second, the contortions, clustering, or 
irregularities of antheridial branches, characteristic of the variety, 
are not found in the Mackinac Island material. Third, the terminal 
oogonia of the variety glomerata are reported to be usually cylindric 
in old sporangia, a feature never observed in the isolates which 
we have collected. 

Three non-fruiting meinliers of the genus Saprolegnia were col¬ 
lected from beach pool water, west of (irand Hotel, Area 2; from 
water, west edge of marsh, Area 14, and from soil, margin of Old 
Fort Garden pool. Area 16. 

Achlya amcricana Humphrey. Recovered from water and de¬ 
bris, bathing beach. Area 4, and from humus in intermittent bog, 
Area 10. 

Achlya flagellata Coker. Collected from soil below Stonecliff, 
Area 7. 

Achlya RodrigucAana F. T. Wolf. Isolated from soil and debris 
in Old Fort Garden, Area 16. Our material of this plant resembles 
the characteristics of the type with the exception of slight varia¬ 
tions in the percentages of oospore number, when compared with 
the percentage of frequency of these structures as reported by 
Wolf (11). This species has also been collected in Illinois 
(Shanor, personal communication). The Illinois material has 



400 


Mycologia, Vol. 42 , 1950 


characteristics, however, which are not in complete agreement with 
the type of the species. 

Two sterile isolates of Achlya were recovered from two collec¬ 
tions of water in Area 8, 200 yards northeast of Stonecliff. 

Dictyuchus anomaltis Nagai. Isolated from soil and humus, 
intermittent bog. Area 10. This interesting plant has previously 
been reported from Florida (3), and from North Carolina (Couch, 
personal communication). It has appeared in several of the 
writer’s collections from the Lower Peninsula of Michigan. The 
fungus is quite easily recognized by the complete lack of antheridia. 
Our strain differs from the strains collected by Couch, only in the 
prolific production of oogonia. 

Dictyuchus sp. ? Presumably heterothallic strains collected from 
humus and soil, wCvSt edge of marsh. Area 14, and from soil, Scott’s 
Cave, Area 17. No sexual reproductive structures have been in¬ 
duced by any of several cultural conditions to which the plants have 
been subjected. Sporangia are all of the true-net type. With 
regard to the sporangial morphology and vegetative characteristics 
of the isolates, there is an obvious resemblance to D. monosporus 
Leitgeb (D, sterile Coker). Several attempts have been made at 
crossing the Mackinac Island material with other supposedly 
heterothallic strains of Dictyuchus, collected elsewhere in Michigan, 
but these have met without success. It is assumed, then, that we 
have only non-complementary strains, and until our isolates can 
be paired with compatible strains with the resulting production of 
sex organs, positive identification cannot be made. 

Isoachlya, non-fruiting. Isolated from soil near Scott’s Cave, 
Area 17. As in the previous non-fruiting isolates herein listed, 
vegetative and asexual characters have necessarily been used in the 
identification of this plant. Considering these features, there is no 
doubt that our isolate is a member of the genus Isoachlya, We 
have made several attempts to induce sex organs by means of varia¬ 
tions of temperature and nutrition, but these have not been 
successful. 

A fungus was recovered which closely resembles Saprolegnia 
monoica Pringsheim, previously reported from Michigan by Pieters 
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(6, 9). Because of incompleteness of description of S', monoica, 
an extensive taxonomic study of our fungus is being conducted, 
the results of which are to* he reported at a later date. 

SUMMARY 

The results of a preliminary survey of the Saprolegniaceae in the 
soil and waters of Mackinac Island, Michigan, are reported. 

The fungi recovered are distributed in four genera, and consist 
of nine previously descrilied species and one variety, and six non¬ 
fruiting isolates. A new species of Achlya, recovered from the soil 
(»f three areas on the island, is described as Achlya michigancnsis. 

Department of Botany, 

University of Michigan, 

Ann Arrou, Michigan 
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EXPLANATION OF FIGURE 2 
Achlya michiganensis 

Fig. 2. A. Habit sketch of portion of mycelium, showing the distinguishing 
features of the fungus when grown on hempseed. B. Primary and secondary 
sporangia, showing method of spore discharge, and short cymose branching. 
Secondary sporangium with two lateral discharge tubes. C. Typical gemma. 
D. Terminal oogonium with immature oospores, and diclinous antheridia, 
one of which is abnormally short. E. Lateral oogonium with two mature 
oospores, showing a strongly curved oogonial stalk, and branched, irregular, 
diclinous antheridia. F. Immature oogonium with both a diclinous and an 
androgynous antheridium attached. G. Oogonium with three mature 
oospores, showing a very long, bent oogonial stalk, and a branched, di¬ 
clinous antheridium. H. Large, abnormal oogonium with ten small, imma¬ 
ture oospores, and two diclinous antheridia. All drawings made with aid 
of Spencer camera lucida. Fig. A, appx. X 620; fig. B, X 410; all others, 
X840. 



RAMULARIA LEAF SPOTS OF LATHYRUS 
ODORATUS AND L. LATIFOLIUS 

Kenneth F. Baker, William C. Snyder, and Lily H. Davis 
(with 2 figures) 

In June, 1933, a Ramularia leaf spot of sweet pea (Lathyrus 
odoratus L.), and in July, 1938, a similar leaf spot of perennial pea 
{L, latifoliiis L.), were first collected in California in Santa Bar¬ 
bara County.^ We have subsequently observed these diseases on 
many occasions in coastal areas of the state. 

The leaf spots resemble closely those of Lathyrus spp. attributed 
in the literature to species of Scolicotrichum, Ovularia, Ramularia, 
Cladosporium, Hyalodendron, and Erostrotheca. The question 
arose, therefore, as to the possible identity of the California fungi 
with those described elsewhere, and the proper binomial of the 
pathogen. The conclusions reported here are based on observa¬ 
tions of field material, cultures of the fungi, inoculation tests, and 
examination of the exsiccati cited here, during a period of several 
years. 

SYMPTOMS 

On sweet pea the symptoms are the same as those described and 
illustrated by various workers (14, 19, 37). On leaves the buff- 
colored dead areas are circular or irregular and merge gradually 
into healthy tissue. Sporulation occurs as white tufts visible with 
a hand lens on both sides of the leaf but most abundantly on the 
undersurface. The spots vary from small yellow flecks to areas 
involving most of the leaf, and leaf fall is usually hastened. Lesions 
may occur on the wings oi stems. 

On perennial pea the spots occur on leaflets, petioles, stipules, 
tendrils, stems (fig. 1, C), peduncles, and pods. They are typi- 

^ Deposited in the Herbarium, Division of Plant Pathology, University of 
California, Berkeley, under the accession numbers P 568 (collected by L. M. 
Massey and M. W. Gardner) and P 695 (collected by W. C. Snyder), 
respectively. 
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cally tan to dark brown with definite margins usually darker in 
color than the center. Commonly the leaf spots are restricted later¬ 
ally by large veins and tend to be elongated (fig. 1, A, D). The 
basal parts of plants in seed fields are frequently severely spotted, 
probably because of the high humidity under the dense plant 
growth. The conidial tufts on this host appear on both leaf sur¬ 
faces, but are most abundant on the underside (fig. 1, D, E); 
they are distinctly pink in color. 

The disease on sweet pea occurs but is not important in outdoor 
and clothhouse cut-flower plantings in coastal California. It is 
less common in seed fields because of the drier conditions of 
growth. 

The disease on perennial pea is much more common and con¬ 
spicuous in seed fields because of the perennial nature of the plant, 
the more vigorous growth, and the practice of ditch irrigation. It 
is, however, unimportant on this minor crop. Lesions on the pods 
might extend through the pod walls, infecting the seeds, but such 
seed transmission was not investigated. 

There are few diseases of sweet pea or perennial pea in this 
country that might be confused with Ramularia leaf spot. Powdery 
mildew (Erysiphe polygoni DC.) occurs commonly over the plant 
and forms sparse to dense, superficial, white my9diit growth with¬ 
out fasciculate tufts, and sometimes involves all of the leaf and 
stem surfaces. The Ranmlaria leaf spots are definitely localized 
and have dead centers in which small white to pink tufts of conidio- 
phores are evident, without superficial mycelial development. 

Anthracnose [Glomcrella cingtddfa (Ston.) Spauld* & Schrenk] 
is said to cause white or pallid leaf spots and to girdle stems, pro¬ 
ducing dead tips. Acervuli bearing slimy salmon-cokjred masses 
of spores occur in these spots. The Ramularia disease is not 
known to kill shoots, and produces dry, pink or white, conidial tufts. 

Ascochyta blight [Ascochyta spp., Mycosphaerella pinodes 
{Berk. & Blox.) Stone] is reported to produce dark brown to 
purple lesions on the stems, foliage,, ai^ri^pods, or light brown in¬ 
definite spots on the^ leaves, apparetitly depending upon the species 
of Ascochyta involv^. In idl oases, however, light to^^rk brown 
pycnidia form in the blighted tissues followed later, in some in- 
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stances, by perithecia of the Mycosphaerella state. The presence 
of pycnidia which exude their conidia in tendrils, and the lack of 
aerial development of the fungus on the surface readily distinguish 
this disease from Ramularia leaf spot. 



Fig. 1. Ramularia leaf spot of pereniial pea. 
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The common name that seems most appropriate for the Ramu- 
laria diseases is Ramularia leaf spot. The disease of sweet pea has 
been called white blight, white mold, and Cladosporium blight. 

GEOGRAPHICAL DISTRIBUTION 

Pathological studies with the organism were first conducted by 
Dowson (14) in England in 1922 on sweet pea, but Lind pre¬ 
viously had collected it on that host in Denmark in 1913 (Kabat 
et Bubak, Fungi imperfect! exsiccati No. 791). The disease on 
this crop was first reported in the United States at Reading, 
Massachusetts on April 27, 1927 (collection of E. F. Cuba), and 
may have been present by 1922 (3). It was found in the same 
year in New York, and in Pennsylvania in 1928 (37), in New 
Jersey from 1932 to 1934 (49), in California in 1933 and in 
Texas in 1942 (1). It was reported to the Plant Disease Survey 
by C. E. F. Guterman as Ramularia sp. on sweet pea on Long 
Island, New York in 1933; specimens collected there by him in 
1935 were referred to Cladosporium album. In Canada it was 
first seen in 1931 in British Columbia (23), and it was again 
reported there in 1933, 1944, and 1947; it was found in Ontario 
in 1945 (19). ) 

An Ovularia sp. on perennial pea (L. latijolms) was collected 
in California by G. L. Gxisvold and A. D» Cameron in 1943, ac¬ 
cording to Plant Disease SUrvey records, Cladosporium album was 
reported on this same host in Washington in 1943 (U. S. Dept. 
Agr., Mycol. Dis. Surv. herbarium, Forsell and Ramsey, October 
29, 1943). 

There are many mycological records of what appears to be the 
same fungus on various Lathyrus spp. over much of the temperate 
and subtropical world. Distribution records given in this paper 
are summarized below with a to the pt^able earliest col¬ 

lection in each country: Germany in 1869 (17; also Fuckel, Fungi 
rhenani exsiccati No. 2206); Siberia in 1877 (48); Belgium in 
1887 (6); France in 1898-1899 ^.Fkijrey (28); Italy in 1901 
(16); Hungary in 1910 (24); D^marlity 1913 (33); Sweden 
in 1914, (9) ; (^ehdslovdcia in 1916 (F^trak, Flora i^l^bemiae et 
Moraviae No. 1253); Holland iu lj920 (41); England in 1922 
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(14) ; Caucasus in 1923 (47); Alaska in 1923 (Anderson, Alaska 
Fungi No. 994); Estonia in 1925 (32); United States in 1927 (3); 
Lithuania in 1927-1932 (8); Poland in 1930 (18, p. 203); Canada 
(British Columbia) in 1931 (23); Ireland in 1933 (39); Latvia in 
1934 (K. Stares Herbarium No. 2337) ; and Scotland in 1942 (12). 
The evidence suggests that the fungus may be native to Europe 
and Asia. 


HOST RANGE 

The host plants are given below with a reference to the first 
apparent record on each: Lathvrus tuberosus L. (17) ; L. pratensis 
I. (48); L. sylvestris L. (Fautrey, in 28); L. hirsutus L. (16) ; 
L. odorafus L. (Rabat et Biibak, Fungi imperfecti exsiccati No. 
791); L. maritimus (L.) Bigel. (9); L. roseus Stev. (47); L. 
palustris L. (Anderson, Alaska Fungi No. 994); and L. latifolius 
L. (Sydow, Mycotheca Germanica No. 2435). 

Plants outside of the genus Lathyrus have been reported as 
hosts of this fungus. Among these are: LoHts (Tetragonolobus) 
siliquosus L. (34); Vicia sp. (‘'Chickling vetch'') (15); Vicia sp. 
(40); Pisum sp., Phaseolus sp., and Vigna sp. (21, 22). 

Good (19) was unable to establish infection with the sweet pea 
fungus on Lathyrus latifolius, Vicia faba L., V, villosa Roth., Meli- 
lotus alba Desr., Medicago sativa L., Pisum sativum L., Phaseolus 
vulgaris L., Trifolium pratense L., or Glycine max Merr. Dowson 
(14) was unable to infect Pisum sativum and L. aphaca L. These 
unsuccessful inoculations may be explained on the basis of the 
existence of physiologic races (19). 

NOMENCLATURE OF THE FUNGUS 

There are a number of possibilities to be considered in the selec¬ 
tion of the most appropriate binomial for this fungus. These are 
discussed here chronologically. 

1. Ovularia fallax (Bom) Sacc. This fungus, described by 
Bonorden (7) as Crocysporium fallax Bon. on Vicia sp., was 
placed by Saccardo (43, vol. 13: 1307) in Ovularia. It is now 
known (35, 44) from examination of specimens that this was. the 
conidial stage of a powdery mildew, and is, therefore, invalid. 
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2. Ovularia deusta (Fuckel) Sacc. This fungus was described 
by Fuckel (17) as Scolicotrichum deustum Fuckel, causing deep 
brown to black spots on living leaves of Lathyrus (Orobus) tubero- 
sus in the fall at Eberbach, Germany. Saccardo (43, vol. 4: 140- 
141) placed this under Ovularia deUsKta and repeated Fuckel’s de¬ 
scription practically verbatim. The specific name deusta (from 
the Latin deustus, burnt) may have been used because of the dark 
appearance of the spots or perhaps because of the tiny, pink, conid- 
ial clusters conspicuous in Fuckel’s specimen. The spores were 
4 X 12/x, lanceolate, continuous, and hyaline; conidiophores were 
fasciculate, pink, simple, slender, and bore terminal conidia. 

The binomial 0. deusta has been subsequently used by many 
workers down to the present day. Among these are: Bommer 
and Rousseau (6) in Belgium in 1887; Kirchner (30, pp. 143 and 
439) in Germany in 1890; Knet (Fungi Schemnitzienses, collected 
in Germany by Sitno, August 20, 1897); Lindau (34) in Ger¬ 
many; Lind (33, p. 499) in Denmark; Briosi in Italy in 1912 
(2); Marchal (36) in Belgium between 1913-1919; Petrak (Flora 
Bohemiae et Moraviae No. 1253) in Czechoslovakia in 1916; Jaap 
(27; also Fungi selecti exsiccati No. 844) in Germany in 1916; 
Siemaszko (47) in the Caucasus in 1923; Sydow (Mycotheca 
Germanica No. 2224 [fig. 2, IJ and No. 2435) in Germany in 
1923 and 1924; Brundza (8) in Lithuania between 1927 and 1932; 
Hruby (25) in Czechoslovakia in 1928; Garbowski and Juras- 
zkowna (18, p. 203) in Poland in 1930; Eriksson (15, p. 444); 
O'Connor (39) in Ireland in 1933; Muskett et al. (38) in Ireland 
in 1934; and Chesters (10) in England in 1937. 

Examination of Fuckel's Fungi rhenani exsiccati No. 2206 in the 
Farlow Herbarium^ showed this organism (fig. 2, H) to be the 
same as the one th^t occurs in California. The legend on this 
specimen is as follows: “2206. Scolicotrichum deustum,"*^ Ad 
Orobi tuberosi folia marcescentia frequens. Autumno. ♦Von 
alien, hier neu aufgestellten, aber nicht beschriebenen, Arten und 
Gattungen befinden sich die ausfuhrlichen Beschriebung in meinen 
im Dnicke befindlichen ‘Symboliae mycologicae.'" 

3, Ramularia Gcdegae Sacc. f. Lathyri Ferraris. The species 

5 Examined through the courtesy of Dr. W. L. White. 
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was described by Saccardo (42) on Galega officinalis L. in Italy. 
The form was reported on Lathyrus hirsutus L. in Italy in 1901 
(16) producing spots which lacked definite margins. The conidio- 
phores were fasciculate and hyaline; the conidia were continuous 
or rarely 2-celled, hyaline, 16-26 X 3-3.5 fi. 

The fungus was said to have been collected by Fautrey on L. 
sylvestris in France in 1898 and exsiccati were distributed as 
Herbier Cryptogamique de Cote d’Or No. 2630. Ferraris later 
changed his original binomial to /?. Lathyri Ferr. (28). The sit¬ 
uation was reviewed by Keissler (28) and the conclusion reached 
that R, Lathyri Ferr., R, Lathyri (Fautr.) Ferr., R. Galegae f, 
Lathyri Fautr., and R. Galegae f. Lathyri Fautr. apud Ferr. are 
all synonymous. 

Bubak (9) also considered /?. Galegae Sacc. var. Lathyri Ferr. 
and /?. Lathyri Hollos, both on Lathyrus hirsutus, as synonymous 
and changed the former to R. Lathyri (Ferr.) Bubak. 

Lind collected R. Galegae Sacc. f. Lathyri Ferr. on Lathyrus 
odoratus in Lyngby, Denmark on September 28, 1913 (Kabat et 
Bubak: Fungi imperfecti exsiccati No. 791). This appears to be 
the first record of the fungus on cultivated sweet pea. Stares 
found the fungus in 1934 in Latvia on L. odoratus and called it 
/?. lathyri Ferr. (K. Stares Herbarium No. 2337). 

All of these names are later than Ovularia deusta. Examination 
of exsiccati of Kabat and Bubak (fig. 2, J ) and Stares shows that 
they do not differ significantly from the California fungus. 

4. Ramularia Lathyri Hollos. This fungus was described on L. 
hirsutus in Hungary in 1910 (24). The conidiophores were fas¬ 
ciculate and hyaline, 40-50 X 3 ft; the conidia cylindrical or some¬ 
times obtuse, catenulate, continuous or 2-celled, hyaline, 16-20 X 
4-5 ft. The binomial R, Lathyri Hollos was used by Siemaszko 
(47) for a fungus on Lathyrus roseus Stev. in the Caucasus in 
1923. 

5. Ramularia roseola Bubak et Vleugel. This species was ap¬ 
plied to a Ramularia on L. maritimus (L.) Bigel. in Sweden in 
1914 (9). The leaf spots possessed definite margins and the tufts 
of conidiophores were pink. Conidiophores were fasciculate and 
28-56 X 2.5-3 /a. Conidia were catenulate, hyaline; microconidij 
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were continuous, 9-13 X 2.5-3.5/x; macroconidia cylindrical, 19- 
28 X 2.5-4 /*, continuous to uniseptate. This binomial was applied 
by Cash to a collection made by Anderson (Alaska Fungi No. 994; 
FIG. 2, L) on L. palustris in 1923. Examination by us of Ander¬ 
son’s specimen showed that it differed in no significant particular 
from the other fungi under consideration. 

6. Cladosporium album Dowson. This binomial was applied in 
1924 (14) to a fungus that caused leaf spots of Lathyrus odoratus 
in England. The types of lesions produced and the characteristics 
of the fungus on the host and in culture agree with those of the 
California pathogen. Apparently in classifying this fungus greater 
emphasis was placed on its appearance in culture than on the host, 
and the taxonomic importance of color was minimized. Leaf speci¬ 
mens were stated to have been independently examined by Miss 

E. M. Wakefield and Dr. J. Ramsbottom and considered to be an 
unusual form of Ramularia. Cultures were examined by Prof. 

F. T. Brooks and said to resemble Cladosporium herbarum except 
in color. Examination by us of Dowson’s exsiccati (Coll., Surrey, 
England by Dowson, Oct. 23, 1924) showed that C. album (fig. 
2, K) did not differ from Fuckel’s specimen or the California 
material. Good (19) minimized the differences between C. album 
and C. fulvum Cke. in culture prior to sporulation. Because 
fulvum mutated to a hyaline form, he also felt that color was of 
little fundamental importance. There are marked differences be¬ 
tween colonies of the Lathyrus fungus and C. fulvum in growth 
rate and habit, maximum size attained, and color (fig. 1, F-H), 
as well as in morphology (fig. 2, N. O). 

There are close similarities of spore formation in culture by the 
sweet-pea fungus [Fig. SO of Dowson (14) and Fig. 7 of Good 
(19)1, established Ramularia spp. [Figs. 9-12 of Laibach (31), 
Fig. 20 of Hughes (26), and Fig. 9 of Gregory (20)], and estab¬ 
lished Cladosporium spp. [fig. 2, O of the present paper], par¬ 
ticularly when they are examined under low magnification. How¬ 
ever, careful studies of R. deusta under high magnification reveal 
a tendency toward fasciculation in culture, and the spores tend to 
form more readily into long chains than in clusters as in Clado¬ 
sporium. The character of the scars and the shape of the conidtCK 
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phore tips as well as the connections between conidia are quite dis¬ 
tinctive (fig. 2, N, O). Morphology of the fungus in culture 
obviously cannot be, used alone for identification of these genera. 
Because of these considerations, the designation of the Lathyrus 
organism as a Cladosporium obscures its true affinities both as an 
entity and as a pathogen. 

Seymour (46) questioned ‘'the accuracy of the determination” 
of the reported C. album in North America. Following a discus¬ 
sion with the senior author, Savile (11) stated that this fungus 
should be regarded as a Ramularia rather than a Cladosporium. 

Classification of many Fungi Imperfecti is based in large measure 
on their sporulation on the host. Some of the Melanconiales, for 
example, produce no acervuli in culture and cannot be correctly 
identified unless observed in their parasitic state. Of pathologists 
and mycologists who examined the white-blight fungus on the host 
for us, several placed it in Ramularia or Ovularia but no one in 
Cladosporium. The older name, Ovularia deusta, applied to the 
same fungus more nearly expresses its relationships. 

Dow^on (14) emphasized that the indefinite margins of the leaf- 
spot on sweet pea were atypical for Ramularia, but were known for 
C. julvum on tomato. Similar diffuse leaf spots are caused by 
R. Vallisumbrosae on narcissus (20) and R. cyclaminicola on cycla¬ 
men (4). The form of Ramularia deusta on perennial pea con¬ 
sistently produces definite dark-margined leaf spots, as apparently 
is the case on wild Lathyrus spp. Possibly a diffusible toxin is 
formed during invasion of sweet pea but not of other Lathyrus spp. 
Spots on leaves of sweet pea often lose their diffuse character when 
pressed and dried, showing necrotic areas with almost as sharp a 
margin as those on perennial pea. 

The binomial C. album has been commonly used in Europe and 
North America [e.g., 1, 3, 5, 12, 19, 21, 23, 32, 37, 40, 41, 45; 
Guterman (Cornell University Department of Plant Pathology 
herbarium No. 24750) ; Cash (Forsell and Ramsey in Washington, 
October 29,1943, U. S. Dept. Agr. Mycol. Dis. Surv. herbarium)]. 

7. Erostrotheca multiformis Martin and Charles. This name 
was applied (37) in 1928 to a fungus that was thought to 1^ the 
perfect stage of C. album. Good (19) has expressed doubt aboju^l 
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this relationship because of differences in morphology and colony 
size between this fungus and C album in culture. 

There are several lines of evidence that lead to the conclusion 
that E, multiformis is not connected with C. album. The results 
of Dowson, Good, and the writers are in agreement that the causal 
organism is extremely slow-growing, producing colonies about 10 
mm. in maximum diameter from single conidia (fig. 1, G, H). 
A single-spore culture is not macroscopically evident for at least 
a week. Erostrotheca was illustrated and described (37) a‘s rap¬ 
idly producing luxuriant zonate colonies about 40 mm. across and 
forming the perfect stage in 6 days. 

Evidence is lacking in the original paper (37) that any of their 
7 '‘stages^* of the fungus in culture {Cladosporium, Hormodendron, 
Ovularia, Haplaria, Pseudofumago, Pseudosaccharomyces, Erostro¬ 
theca) was tested for pathogenicity. Because of the uncertain 
status of these various forms, it is not clear that the true pathogen 
was even represented among the imperfect forms observed in 
culture or that they had any connection with the sexual stage. Ex¬ 
amination of leaves from their material ® collected on Long Island, 
New York, on May 24, 1927, and labeled ‘^original culture made 
from Cladosporium stage on this material’^ has established the 
identity of their fungus, C. album (fig. 2, M), with Ramularia 
deusta in California. Martin and Charles (37) stated that speci¬ 
mens from Pennsylvania, Massachusetts, and from Dowson in 
England proved to be the same fungus (C. album) as their New 
York material. An ascigerous fungus was obtained by them in one 
isolate out of 15, and this culture was used in all studies. It seems 
probable that the Erostrotheca overgrew and suppressed the slow- 
growing C. album. Slow development of small colonies in culture 
is usual for Ramularia and Ovularia (20, 26, 29) but not for 
Cladosporium, We have cultured various Ramularia and Ovularia 
species {e,g,, Ramularia cyclaminicola Trel. from cyclamen, R. 
decipiens Ell. & Ev. from Rumex, R, pastinacac Bub. from parsnip, 
R, lactea (Desm.) Sacc. from Viola, R, cynarae Sacc. from arti¬ 
choke, R, primiilae Thiim. from Primula, Ovularia sp. from vetch) 

® Specimen obtained through the courtesy of Dr. W. D. McClellan and 
Dr. P. Brier ley.' 
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and all produced slow-growing colonies similar in appearance to 
R. deusta', 

Erostrotheca is a member of the Hypocreales. All Ramularia, 
Ovularia, or Cladosporium spp. known to have a perfect stage are 
in Mycosphaerella of the Sphaeriales. We have been unable to 
find any record of observation or collection of the genus Erostro¬ 
theca since its erection. 

In order to clarify this situation we have for some years searched 
for the perfect stage of the two strains of Ramularia deusta in Cali¬ 
fornia. Cultural studies and examination of field material at vari¬ 
ous seasons have failed to provide more than a suggestion that one 
exists. During the winter months the latijolius form frequently 
produced in substomatal cavities of leaves sclerotia-like structures 
which bore conidiophores on the upper surface (fig. 2, C, G). 
These structures resemble those described (20) for Ramularia 
Vallisumbrosae Cav., and similarly may represent immature peri- 
thecia. On the other hand, it is equally possible that these are 
sclerotia functioning solely for aestivation as reported for R, ono- 
brychidis (26). Structures that were perhaps spermagonia have 
been reported (20, 26) without clear genetical connection with 
these two fungi. Similar structures resembling spermagonia were 
present on old perennial pea leaves in winter in California, but it 
was not demonstrated that they were a stage of R. deusta. Their 
presence suggests the possible existence of a perfect stage of the 
Mycosphaerella type. Good (19) reported structures for the sweet 
pea strain in culture that also suggested spermatia and perithecial 
initials. Laibach (31) and Killian (29) reported the formation of 
sclerotia in numerous Ramularia spp. Production of ‘‘sporodochia” 
by the sweet-pea fungus (fig. 2, A) is consistent with their dem¬ 
onstrated formation (20, 26, 29) by various Ramularia. spp. during 
the slimmer months. These similarities of the Lathyrus fungus to 
known Ramularias support the close relationship to that genus 
presented in this paper. 

In consideration of these facts, the name Erostrotheca multi¬ 
formis is set aside pending evidence that it is the perfect state of 
C. album. 

8. Hyalodendron album (Dowson) Diddens. Cladosporium g^- 
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bum was transferred to this genus by Diddens (13) at the time it 
was erected for a saprophytic wood-pulp fungus. C. album was 
studied in culture and considered to be better included in Hyalo- 
dendron than left as a hyaline Cladosporium, There is no evidence 
that the fungus was studied on its host. This transfer is rejected 
because it obscures the relationship to other leaf-spotting Ramu¬ 
laria and Ovularia spp. and would impede practical identification 
of the fungus, and because Ovularia deusta has nomenclatural 
priority. 

9. Ramularia deusta. The binomial, Scolicotrichum deustum 
Fuckel, has priority over other names applied to this fungus. Be¬ 
cause Fuckel described and correctly placed species in the nionili- 
aceous genus Ramularia and the deniatiaceous genus Scolicotrichum 
in his Symbolae Mycologicae, it is inexplicable why the Lathyrus 
fungus was placed in Scolicotrichum. Certainly the exsiccati and 
his description leave no doubt that the fungus he named S. deustum 
was the Ramularia treated in this paper. This error was recog¬ 
nized by Saccardo and the fungus transferred to Ovularia in 1886. 

The basis for distinguishing Ovularia from Ramularia is imper¬ 
fectly defined and there is question whether they should be sep¬ 
arated at all (26). Ramularia was erected by Unger in 1833 and 
Ovularia by Saccardo in 1880, and should a future monographer 
combine these genera, the older name would be retained. 

In the morphological characters proposed for separating these 
genera, our fungus more nearly approaches Ramularia than Ovu¬ 
laria. Ramularias are considered to form spores in long chains 
as does our fungus, whereas Ovularias bear them singly or in short 
chains. Numerous Ramularias have been shown (20, 26, 29, 31) 
to develop sclerotia, as does our fungus (fig. 2, C, G), while those 
structures are absent or inconspicuous in Ovularia. The pathogen 
is nearer to Ramularia than to Ovularia because of its cylindrical 
spores. The degree of roundness of the spores has been found to 
vary with fresh, vs. dried material, on host vs. in culture, and on 
the host under dry vs. moist conditions (fig. 2, D, E) as reported 
for other Ramularias (20, 26). The germination of conidia is 
shown in figure 2, F. 

Under moist conditions, some Ramularias tend to form in the co- 
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nidial apparatus elongate structures ^ that have been regarded (20) 
as scolecospores, but can as logically be interpreted as phialides of 
the conidiophores. They are much less common in Ovularia than 
Ramularia, The diverse collections of R. deusta examined showed 
all gradations of development of these structures (fig. 2, A-C, 
H-M). 

Because of these considerations, the fungus is transferred from 
Scolicotrichum to Ramularia. An emended description and the 
synonomy of this pathogen are as follows: 

Ramularia deusta (F'ckl.) n. comb. 

Synonomy: 

Scolicotrichum deustum Fuckel, 1869. 

Ovularia deusta (Fuckel) Sacc., 1886. 

Ovularia deusta Sacc., 1887 (6). 

Ramularia Galegae f. Lathyri Fautrey, 1898-99 (28). 

Ramularia Galegae Sacc. f. Lathyri Ferraris, 1906. 

Scolecotrichum deustum Fuckel, 1907 (34). 

Ramularia Lathyri Ferraris, 1910 (28), 

Ramularia Lathyri Hollos, 1910. 

Ramularia Lathyri (Ferr.) Bubak, 1916. 

Ramularia roseola Bub4k et Vleugel, 1916 (9). 

Ramularia Galegae f. Lathyri Fautr. apud Ferraris, 1923 (28). 

Ramularia Lathyri (Fautr.) Ferraris, 1923 (28). 

Cladosporium album Dowson, 1924. 

Hyalodendron album (Dowson) Diddens, 1934. 

Nomen ambigum: Erostrotheca multiformis Martin and Charles, 
1928. 

Conidiophores densely fasciculate, typically unbranched, slender, 
hyaline, continuous or with several septa, highly variable in length, 
20-60 X 3-4/A [usually 50 X 3-4/a; under moist conditions develop 
elongate structures (conidiophores or ‘^scolecospores'') which ex¬ 
tend the total length up to 200 /a], bear terminal conidia, and be¬ 
come geniculate with age. Conidia cylindrical, with tapering ends, 
continuous or 2-celled, hyaline, minutely echinulate, 2-28 X 1-5.5 /a, 
borne in acropetalous fashion, forming short chains which may be 
branched. 

* Since this paper was submitted for publication, my attention has been 
called to an article by Dr. W. C. Moore in which a similar situation in 
Ramularia formulae is discussed (Trans. Brit, Mycol. Soc. 25 : 208-209. 
1941). ^ 
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PHYSIOLOGIC FORMS 

Slight differences in colony appearance between the sweet pea 
and perennial pea isolates and the differences in color of sporula- 
tion and symptom expression on these hosts suggested the possi¬ 
bility that biologically specialized races of the fungus were involved 
in these two diseases. To test this possibility, sweet peas and 
perennial peas grown in pots were cross inoculated by atomizing 
them with spore suspensions of the organisms produced in culture. 
Although only one such test was made, the results indicated that 
the two isolates were biologically distinct. Typical leaf spots and 
stem lesions were obtained on L. latifolius only with the isolate 
from that host (fig. 1, B). Likewise, infection of L. odoratus 
occurred only when the sweet pea isolate was used. The controls 
were not infected. It is concluded that the Ramularia leaf spots of 
sweet pea and perennial pea are caused by distinct races of 
Ramularia deusta. 

Inoculation data available, including that reported by Good (19), 
plus the known host specificity of Ramularias and Ovularias, indi¬ 
cate the existence of a number of physiologic forms of R. deusta. 
It would seem best to designate these as formae of the morphologic 
species, R, deusta, as they become known through inoculation tests. 
Accordingly, we propose two forma names to distinguish between 
the strains which attack sweet pea and perennial pea: Ramularia 
deusta f. odorati n. f. and Ramularia deusta f. latifolii n. f., 
pathogenic and causing leaf spots upon Lathyrus odoratus and 
Lathyrus latifolius, respectively. 

DISCUSSION 

In an admittedly artificial system of classification such as that 
of the Fungi Imperfect!, the convenience and accuracy of identi¬ 
fication of specimens should be a major consideration. It is im¬ 
portant to pathologists that an imperfect fungus be so placed that 
other workers will readily recognize the relationship of their organ¬ 
ism to it. The nomenclatural situation discussed in this paper 
shows the confusion that results from parallel usage of different 
names for the same organism. A similar situation is discussed 
elsewhere (4) for Ramularia cyclaminicola Trel. The established 
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basis for classification of fungi of this type is their morphology on 
the host with only secondary consideration to cultural characters. 
The fungus considered here is a Ramularia in its parasitic state 
and is therefore transferred to that genus. 

The spore measurements of the majority of descriptions and 
specimens that we have examined fall within the fairly consistent 
range of 2-20 X 1-S.S fi. However, descriptions of two of the 
binomials here considered (Ramularia Galegae Sacc. f. Lathyri 
Ferraris and Ramularia roseola Bubak et Vleugel) have somewhat 
larger spores. Despite this difference, the former has been con¬ 
sidered (9, 28) as synonymous with the smaller spored R. Lathyri 
Hollos. Because this range includes measurements of spores pro¬ 
duced on culture media, numerous Lathyrus species, and under 
different moisture conditions (20, 26), the variation in conidial 
size is not regarded as significant. The range of variation (2-28 
X 1-5.5/x) of all collections of R, deusta discussed here is small 
compared with that demonstrated (20, 26) for R. Vallisumbrosae 
(3-44 [scolecospores up to 105 /ut] X 2-4 fi) and for /?. onobry- 
chidis (7-42x2.7-6.3/x). 

Other Lathyrus pathogens discussed here are considered to be 
the same as Fuckers deusta, which is here transferred to Ramu¬ 
laria, This specific name has the advantage of almost continuous 
usage since 1869. The use of the forma names, odorati and lati- 
jolii, to denote host specificity permits retention of the morphologic 
species R. deusta, while distinguishing between its physiologic 
forms. 

SUMMARY 

Evidence is presented that certain Lathyrus-mi^ctxng fungi of 
the genera Scolicotrichum, Ovularia, Ramularia, Cladosporium, and 
Hyalodendron, including the pathogens causing white blight or 
white mold of sweet pea and a previously undescribed leaf spot of 
perennial pea, should be designated as Ramularia deusta (Fckl.). 
Other specified binomials, including the commonly used Clado¬ 
sporium album Dowson, become synonyms. 

It is concluded that the relationship of the Ascomycete, Erostra- 
theca multiformis Martin and Charles, to the sweet pea Hypho- 
mycete has not been demonstrated, and it is improbable that thejj, 
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are states of the same fungus. This name is therefore set aside, 
pending evidence of such genetical connection. 

The situation discussed here illustrates how parallel use of 
different names for the same fungus, arising from incomplete infor¬ 
mation of the pathogen's development on the host and in culture, 
results in confused nomenclature and obscured relationships. 

Ramularia deiista is widespread over the temperate and sub¬ 
tropical world on 9 species of Lathyrus, including the cultivated 
L. odoratus and L. latifolius. Physiologic specialization is prob¬ 
ably of common occurrence in R, deusta. Two cases are recog¬ 
nized here by the proposal of two new forma names, i.e., R, deusta 
f. odorati n. f. for the pathogen of Lathyrus odoratus, and R, 
deusta f. htifolii n. f. for the pathogen of L. latifolius. 

Division of Plant Pathology, 

University of California, 

Los Angeles and Berkeley, California 
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DESCRIPTION OF FIGURES 

Fig. 1. Ramularia leaf spot of perennial pea. A, C, Natural infections of 
leaves and a stem, respectively. B, Infections resulting from atomizing with 
spores from a pure culture. D, E, Magnified conidiophore tufts on leaves. 
F, Twenty-day-old cultures of Cladosporium fulvum on potato dextrose agar, 
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grown from single conidia in light at laboratory temperature. G, Twenty- 
day-old cultures of Ramularia deusta f. latifolii comparable to F. H, Sixty- 
day-old cultures of R. deusta f. latifolii. 

Fig. 2. Camera-lucida drawings. A-G, N, Ramularia deusta (Fckl.) n. 
comb, collections on perennial pea. A, B, Conidiophores developed in sum¬ 
mer, A showing a “sporodochium.** C, Elongated conidiophores developed 
in winter from a sclerotium. D, Conidia developed under dry conditions. 
E, Conidia developed under moist conditions. F, Germinating conidia on 
water agar. G, Sclerotium developed in leaves in winter. H, Scolicotrichum 
deustum Fckl. on Lathyrus tuherosus from Fuckel’s Fungi rhenani exsiccati 
No. 2206. I, Ovularia deusta (Fckl.) Sacc. on L. sylvestris from Sydow’s 
Mycotheca germanica No. 2224. J, Ramularia Galegae Sacc. f. Lathyri Ferr. 
on L. odoratus from Kabat and Bubak's Fungi imperfecti exsiccati No. 791. 
K, Cladosporium album Dowson on L. odoratus from Dowson’s collection, 
Surrey, England, Oct. 23, 1924. L, R. roseola Bub. & Vleug. on L. palus- 
tris from Anderson’s Alaska Fungi No. 994. M, C. album on L. odoratus 
from Charles and Martin’s collection, North Baldwin, Long Island, N. Y., 
May 24, 1927, labeled Erostrotheca multiformis Martin & Charles. N, R. 
deusta from culture grown on water agar plus cold-sterilized ground aster 
stems, in light at laboratory temperature. O, C. fulvtm from cultures 
comparable to N. 



DESCRIPTIONS OF TWO LUMINOUS 
TROPICAL AGARICS (DICTYO- 
PANUS AND MYCENA) 

E. J. H. Corner ♦ 

(with 3 figures) 

The agarics here described were found by Dr. Y. Haneda and 
myself in the Singapore Botanical Gardens during the years 1943- 
1945 when he had charge of the Raffles' Museum. Dr. Haneda 
had been interested in bioluminescence for some years and he 
brought to my notice his publications, in Japanese, on luminous 
fungi from Palao Island in the Pacific. We discovered several of 
these fungi in Singapore and this paper is the outcome of our pre¬ 
liminary investigations. It was written towards the end of 1944, 
and in 1949 one copy came through Dr. Haneda in Japan to Dr. 
A. H. Smith, who kindly returned it to me for revision. One new 
species, Dictyopanus luminescens, belongs to the luminescent alli¬ 
ance of Panus stypticiis and the other is a new variety, Mycena 
rorida var. lamprospora, which presents the hitherto unknown 
case, according to a verbal communication from Dr. K. C. Wassink, 
of luminous discharged spores without any part of the fruit-body 
itself being luminous. Dr. Wassink is arranging for the transla¬ 
tion of the copies of Dr. Haneda's papers, which contain much of 
great interest to students of bioluminescence in general. 

I have much pleasure in expressing my gratitude to Dr. Haneda, 
Dr. Smith, and Dr. Wassink for their cooperation, but it is with 
great regret that I have to record at the same time the loss of all 
the manuscript that Dr. Haneda himself prepared during his tenure 
of office in Singapore. 

Dictyopanus luminescens sp. nov. (Figs. 1 and 2) 

Fructus toto noctilucens, miinutus, lateraliter stipitatus, gregarius, albus 
demum sordide flavescens vel alutaceus. 

♦ Botany School, Cambridge, England. 
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Fig. 1. Dictyopantis lumincscens; fruit-bodies seen from betow, with devel¬ 
opmental stages in section, X 15, 


Pileus 2-A mm. latus, convexus demum explanatus, reniformis, toto minute 
cretaceo-pruinosus, opacus, siccus, demum cute minute fracto: margine inte- 
gro, incurvato demum explanato. 

Stipes 0.1-1.3 X 0.1-0.5 mm., brevis, lateralis (raro subcentralis, ut pileo 
cretaceo-pruinosus. 

Tubuli ad 350 /a longi, 200-250 m lati, paullum radiati, distinct!, nec decur- 
rentes nec lamellosi: pori 70-150 m lati, constricti, cretaceo-albi: dissepimenta 
crassa, 50-80 m lata, tumida, demum minute fracta. 

Caro 100-350 M crassa, alba, sicca, paullum coriacea. 
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Sporae 9-13x5-6/1*, vulgo 10-11.5x5.5/*, vel minores 7.5-9 X 4-4.5/*, 
albae, ellipsoideae, elongatae, leves, aguttatae, parietibus amyloideis. 

Basidia 20-28 X 9-10/*, vel minora 18-25 X 7.5-8.5/* (dein, sporis minori- 
bus), strato continue instructa: sterigmata 4, 5-6/* longa. 

C^eilocystidia 30-55 X 7-10 /*, subclavata, tenuiter tunicata, ad margines 
tubulorum: pleurocystidia nulla. 

Hyphae simplices, 1.5-4/* latae, furculatae, ad superficies fructi angustissi- 
mae, dense et intricater coralloideo-ramosae vel spiculiferae, plerumque granu- 
lis hyalinis dense incrustatae: in stipite aliae cellulis infiatis 100-250 X 6-20 /* 
et crasse tunicatae, parietibus ad 7 /* crassis. 

Hab. ad folia palmarum emortua (Rhapis, Pinanga, Arenga) in silvis: 
Malaya (? Asia tropicali et Australasia) : typus, leg. Corner, Singapore 
Botanical Gardens, 1944. 

This is a common Malayan fungus, to be found every rainy 
season on the dead leaves of palms and, in the Singapore Botanical 
Gardens, particularly on the dead persistent sheaths of the erect 
stems of Rhapis flabellijormis. Dr. Haneda showed me the 
bright green phosphorescence of the whole fruit-body and told me 
that it was probably the fungus recorded as Polyporus rhipiditim 
Berk, from the Bonin Islands by Kobayashi (1937). 

The genus Dictyopanus has recently been revised by Singer 
(1945), D. luminescens is near to D, Copelandii, on dead grasses 
in the Philippines, and to D. pusillus of the New World, but it is 
characterized by the short stem, the never lamellate pores, the 
large spores and, perhaps, the luminescence. Singer regards Poly¬ 
porus rhipidium as a variety of D, pusillus (= Polyporus pusillus 
Lev.). Now, in addition to Kobayashi's record of luminescence in 
P. rhipidium, Wassink (1948) has recorded the mycelium of a 
strain, so named, from Australia as luminovwi^In culture in Holland. 
Following Berkeley's original suggestion that P. rhipidium re¬ 
sembled Panus stypticus, Wassink realized the affinity of the two 
from their luminescence, but it is possible that ,.both his culture 
from Australia and Kobayashi's fungus from the Bonin Islands 
were the large-spored D. luminescens, the spore-contents of which 
shrink on drying to a small lump about the size of the spores of 
D. pusillus (3.5-5 X 1.5-2.5 /a). The spores of D, Copelandii are 
intermediate, 6.8-7.8 X 3.5-4.2 fi, but the pores of this species are 
characteristically lamellate at the stem-apex. 

Dictyopanus differs from Panellus, in which genus P. stypticus 
is now placed, merely in the poroid hymenium, but this feature is„ 
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not constant in the American D. pusillus, which may be more or 
less poroid-lamellate and so approaching the state of P, stypticus 
with fine reticulations at the base of the gills. A revision of the 
tropical species of the two genera will probably show the necessity 
of merging them into one, for which luminescence may be a feature. 

Mycena rorida (Fr.) Quel. var. lamprospora var. nov. (Fig. 3) 

A typo differt laniellis principalibus paucioribus 9~14: sporis minoribus 
5.7-10 X 3-4.7 |M, noctilucentibus : baskliis semper 4-sporigeris: cheilocystidiis 
saepe irregulariter lobatis: pileocystidiis grandis, 25-65 x 15-40/^, clavato- 
pyriformibus vel subglobosis. 

Hab. ad folia et raniulos cmortuos in silvis tropicalibus: Asia (Malaya, 
Ceylon, Rabaul), America (Brazil). 

Typus: leg. Corner, Singapore Botanical Gardens, 14 Nov. 1944. 



Fig. 3. Mycena rorida var. lamprospora; spores, X 1000; cheilocystidia and 
pileocystidia with the adjacent tissue of the pilens, X 500. 
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Pileus 3-12 mm. wide, persistently convex or campanulate, vary¬ 
ing subumbonate to subumbilicate, dry, hygrophanous, white to pale 
fuscous or fuscous umber, pruinose with minute fuscous brown 
particles scattered toward the white margin, crowded over the 
deeply colored disc, striate: margin slightly incurved at first, finally 
subcrenulate. 

Stem 1-2.8 cm. X 0.5-0.8 mm., slightly thickened downward, 
hyaline pellucid, viscid, often thickly glutinous toward the base, 
white, becoming pale fuscous then yellozvish fuscous from the base 
upward, the base abrupt and villous within the gluten. 

Gills broadly adnate to decurrent, subdistant, 2-3 ranks, 9-14 
primaries 1.3-3.5 mm. wide, white or pale fuscous at the base, often 
subcostate, with fuscous edge in the Brazilian specimens. 

Flesh very thin, hygrophanous, concolorous: odor none. 

Spores 5.7-10 X 3-4.7 /i, white, luminous when damp and fresh, 
pip-shaped oblong, aguttate, thin-walled, smooth, the contents 
cloudy, the wall amyloid. 

Basidia 18-30 X 6.5-9 /x : sterigmata 4, 3.5-4 /x long. 

Cheilocystidia 15-36 X 6-18/x, forming a narrow sterile edge, 
clavate to subventricose or subglobose, often irregularly lobed but 
not digitate, thin-walled, smooth, with pale brown sap in the 
Brazilian specimens: pleurocystidia none. 

Pileocystidia 25-65 X 15-40 /n, clavate-pyriform or subglobose, 
thin-walled, smooth, with deep umber sap, proliferating from the 
narrow stalk, set in clusters forming a disrupted palisade, more or 
less continuous over the center, the stalks 2-3 /x wide. 

Caulocystidia -30 X 2-4 /x, as simple scattered subcylindric and 
irregular processes into the gluten from the narrow superficial 
hyphae of the stem, more abundant at the stem-apex and compact¬ 
ing into the hymenium: at the base of the stem, elongating into 
aseptate or sparsely septate hyphae -300 X 2-4 /x, tapering to 
slender points, projecting at right angles from the stem into the 
gluten, and with pale brownish ocher, slightly thickened, glutinous 
walls. 

Hyphae in the stem longitudinal, clamped, the cells 100-400 X 
8-22/X, or -35/x wide at the base of the stem, up to 1100/it long 
in the Brazilian specimens, the septa broad and transverse, without 
interweaving hyphae: colorless at first, but the walls thickening 
slightly and becoming pale brownish from the base upward. 

Hyphae of the pileus as in the stem but with colorless walls: 
with a narrow pseudoparenchymatous layer, 1-3 cells thick, just 
below the palisade of pileocystidia, the cells 30-150 X 10-30/x, 
with fuscous umber sap: in the gills, as in the pileus, not pseudo¬ 
parenchymatous, the subhymenium c, 8 fx thick and composed of. 
narrow hyphae 2-3.5 /tx wide. 
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Hab. on dead leaves and twigs in the forest: tropical Asia 
(Ceylon, Malaya), Australasia (Rabaul), and America (Brazil). 

This species can be found in Malaya every fungus season, but 
it is usually scattered and cannot be considered common. It is 
remarkable among luminescent fungi because only the fresh damp 
spores, as seen round the base of the stem on the stick or leaf, are 
luminous. Yet, I am unable to find any other distinctions from 
the well-known European and North American M. rorida than 
those given in the diagnosis, and they do not suggest a different 
species. For this reason, and because it is always advisable to 
check very carefully tropical records of temperate species, I have 
given a full description of the variety as I have found it myself 
in Malaya and Brazil. 

Concerning the gills, Kiihner gives 12-21 primaries and Smith 
14-18 for typical M. rorida. Malayan specimens had 9-14 and 
the Brazilian 10-12. 

Regarding the spores, there would seem to he a better distinc¬ 
tion, but when analyzed in detail no qualitative difference appears. 
Thus, there are the following reliable records of the size and 
number of the spores and of the size of the basidium: 


Spore-8ue 

Number per 
basidium 

Size of 
basidium, n 

Autliority 

13-14.5 X 6.6-7 

2 

— 

Josserand, France 

10-13 X 3.5-5.7 

2 

20-34 X 5-8 

Kiihner, France 

10-15 X 4-5 

2 

30-36 X 5-6 

Ricken, Germany 

10.5-15 X 4-5.7 

2 

— 

Corner, England 

9-12 X 4.5-6 

2 

26-,10 X 5 -7 

Smith, U.S.A. 

8-10 X 4-5 

4 

— 

Smith, U.S.A. 

8-11 X 4 

? 

— 

Rick, Brazil 

7-10 X 3-4 

? 

— 

Fetch, Ceylon 

8-10 X 4-5 

4 

23 30 X 7-8.3 

Corner, Malaya 

6.5-9 X 4-4.5 

4 

18-23 X 7-9 

Corner, Malaya 

5.7-8.5 X 3.5-4.7 

4 

18-24 X 6.5-8 

Corner, Brazil 


Now, on analyzing these figures in the way proposed in my 
paper on the connection between spore-size and * number and 
basidium-size (1948), one finds the following relations: 

For dispores, 

Average spore-size 12.20 X 5.20^, volume 172.8 c./u. 

Average basidium-size 29.3 X 6.0 fx, volume 575.1 c./x 
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For tetraspores, 

Average spore-size 7.95 X 4.28 fi, volume 76.25 c.fi 
Average basidium-size 22.7 X 7.63 /x, volume 503.6-c./i, 

The dispore has, thus, 2.27 times the volume of the tetraspore. 
Assuming a width of 4.28 /x for the tetraspore, a dispore-basidium 
should be able to produce four spores of the size 9.32 X 4.28 /x, 
which is appreciably, longer than the observed average, though 
agreeing better with the maximum mean values of 9.0 X 4.5 /x 
found by Smith and myself for the tetraspores. However, the 
basidia of the dispores are larger than those of the tetraspores, 
apparently, having 1.14 times their volume. Allowing for this 
correction in calculating the volume of the tetraspores derivable 
from the dispore-basidium, one finds an average calculated tetra¬ 
spore of size 7.89 X 4.25 /x, which agrees well with the observed 
average of 7.95 X 4.25 /u.. Hence, I conclude that the 4-spored 
state of M. rorida differs from the 2-spored not only in this number 
of spores but in having slightly smaller basidia. 

Regarding the luminescence. Dr. Haneda first recorded this in 
the specimens identified as OmphcUia sp. from Rabaul (1942), and 
together we observed the same brilliant greenish luminescence of 
the fallen spores in Singapore. I surmise that the Ceylon speci¬ 
mens described by Fetch as M, rorida and the Brazilian specimens 
found by myself in Rio de Janeiro and in Manaus had also this 
luminiscence, though I regret that, owing to the hasty conditions 
under which I managed to snatch a little time for mycology in 
Brazil, I forgot to check this point. It is not unlikely, indeed, 
that the temperate M. rorida itself may have luminous spores, for 
luminosity of various parts of the fruit-body is considered as 
authentically proved for some 15 species of Mycena, according to 
Wassink. On the other hand, M, rorida may have a luminous 
variety as Panus stypticus, 

M. rorida is, thus, interesting from the distributional point of 
view. As a whole it appears to be cosmopolitan, mainly 2-spored 
in Europe, 2~4-spored in North America, and 4-spored in the 
tropics. In the viscid stem and the palisade of clavate cells on 
the pileus, making it truly pruinose, the species indicates a dis¬ 
tinct section of the genus and, as I have shown in a forthcoming 
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monograph on clavarioid fungi, such wide-spread distribution of 
sections, microgenera and, indeed, individual species seems to be 
the rule among basidiomycetes: the nearest allies of many tem¬ 
perate species are tropical, and vice versa. 


SUMMARY 

Dictyopanns Imninesccns, from Malaya, has wholly luminous 
fruit-bodies. Specifically it is characterized by the large spores 
9-13 X 5-6 fi,. The records of luminescence in Polyporus rhi- 
pidium from the Bonin Islands and from Australia may refer to 
D. luminescens. 

Mycena rorida var. lamprospora has smaller spores, four per 
basidium, than the typical 2-spored state of the species, and these 
spores, when fresh and damp, are luminous. The variety is defi¬ 
nitely recorded from Rabaul and Malaya, very probably from 
Ceylon and Brazil, and may be pantropical. 
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PULLULARIA AS A CAUSE OF DETERI¬ 
ORATION OF PAINT AND PLASTIC 
SURFACES IN SOUTH 
FLORIDA 

Ernest S. Reynolds 
(with 2 figures) 

GENERAL ECONOMIC SIGNIFICANCE OK PULLULARIA 

In recent years Pulhilaria (5, 6), usually under this generic 
designation or often under the older name, Dctnatiiim piilliilans 
DeBary, has been reported with increasing frequency from various 
parts of this country and from other parts of the world. In the 
older references especially, it was often described as a saprophytic 
mold with no particular role assigned to it, hut more recently it 
has been reported as an important if not a primary element of the 
sooty-molds growing on “honey-dew’’ in Europe (30, 45) and 
New South Wales (14). 

As an organism associated with deterioration of plant parts and 
plant products Pulhilaria has been reported sufficiently often to 
justify considering it of considerable economic significance. In 
some references it has been indicated as a cause or a cooperating 
cause of disease or injury in plants (1, 4, 15, 16, 27, 31, 49) or 
of damage to fruit (10, 11, 12, 13, 46). It appears in general to 
be “saprophytic or weakly parasitic’’ as stated by Bennett (5) in 
his studies of its effects on wheat. 

As a flax retting organism it is reported from the Australian 
Commonwealth (2, 21); and as an element of importance in the 

^ Contribution No, 36, Moisture- and Fungus-Proofing Research Program, 
Bureau of Ordnance, Department of the Navy, and Contribution No. 40 
from the Marine Laboratory, University of Miami. 

2 Presented at a joint session of the Microbiological Section of the Botani¬ 
cal Society of America and the Mycological Society of America, September 
13, 1948, The opinions expressed herein are those of the author and not 
necessarily those of the organizations involved. 
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pulp and paper-mill mold floras it has been reported from Finland 
and Sweden (22, 25, 28, 39), although it seems to have been re¬ 
ported only once as a possible member of the true paper-mold-flora 
(47, p. 289—290). As a timber blue-staining organivsm it is of 
frequent occurrence in Sweden (7, 8. 22, 37) and Finland (24). 
Although listed as having been isolated from ‘‘cotton hairs’’ it is 
listed also as having no “cellulose decomposing power” (47, p. 
255). A later study (33) describes a black deterioration of cellu¬ 
lose strips by Pullularia alone and also in association with some 
other molds; but recent studies at the Quartermaster Depot in 
Philadelphia find no proof of cellulose decomposition by various 
strains of Pullularia including some received from Florida (3, 
36, 50). 

In Puerto Rico Pullularia was isolated from human skin (9) as 
a possible cause of disease, but apparently no allergenic importance 
has been ascribed to it (29). Sheep leather has been found to be 
spotted by Dematimn (19), which along with other molds has 
been listed by another writer as capable of altering the structure 
of wool (35). Pullularia has been reported in recent listings of 
molds obtained from military materiel exposed to contamination 
in tropical and sub-tropical areas (3, 50) although no special role 
has apparently been assigned to it. We may conclude from the 
studies briefly reviewed above that Pullularia is of considerable 
general economic importance, especially in the paper-pulp industry 
and as a secondary or cooperating organism in injury to plants 
and to plant parts and products in various parts of the world, and 
that its importance is not confined to the sub-tropical and tropical 
areas. 

As a significant cause of paint deterioration, Pullularia was 
originally reported in 1920 by Haenseler (17, 18) to be found in 
association with other molds on painted surfaces in New Jersey. 
Since that time very little attention has been given to it either by 
practical paint men or by mycologists.'^ It was found in the course 

8 After the preparation of this paper for presentation, a paper by Milton 
Goll and George Coffey entitled, ‘‘Mildew of Painted Surfaces,” was pub¬ 
lished in the Paint, Oil and Chemical Review of August 5, 1948. These 
authors attribute a large part of mold deterioration of painted surfaces to 
Pullularia, 
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of my investigations that there was no reference to Dematium or 
Pullularia on paints under “Molds’" or “Paints” or other pertinent 
headings in the Decennial Indexes of the Chemical Abstracts cover¬ 
ing the years to and including 1936 and only twelve direct refer¬ 
ences down to that time to paint molds. During the last decade 
considerable activity has been shown in preparing and testing 
paints for resisting mold growth in general, but only occasional 
reference was made to Dematium as a paint mold. However, it 
appears from the most recent studies of Messrs. Goll and Coffey, 
and as reported in this paper, that the production of paint spe¬ 
cifically resistant to Pullularia would be an important development. 

PULLULARIA IN SOUTH FLORIDA 

The presence and possible importance of Pullularia in South 
Florida was first called to the attention of the writer through a 
series of paint samples in which the green, brown, and red painted 
surfaces had developed numerous dark, essentially black, points. 
Isolations from these spots produced either pure cultures of Pullu¬ 
laria or this mold was the only dematiaceous form present. Fur¬ 
ther study ol these paint samples indicated that most of the black 
spotting which appeared like soot or black dirt particles actually 
was due to spots of Pullularia infection. A second series of paint 
panels exposed a few months later at the same site developed a 
similar heavy infestation of Pullularia on certain white paints 
(fig. 1, A). Approximately a year later, a commercial testing 
agency called attention to a serious spotting of some plastic coated 
glass cloth samples (fig. 1, C, D), These also proved to be 
heavily infested with Pullularia after only a few months of ex¬ 
posure. In all of these cases some other molds were present on 
the surfaces including Cladosporium and species of Penicillium, 
but the major spotting was due to Pullularia, 

A more detailed study of each of these infestations and associated 
pure culture work has developed data which indicate possible ex¬ 
planations of some of the phenomena noted in the course of this 
study and also suggest further necessary studies in order to gain 
a satisfactory understanding of some of the problems involved. 
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PULLULARIA ON PAINTED SURFACES 

As noted before, two paint tests have been made on which 
Pullularia has developed/ In the first series there were ten paint 
types, half of the samples of each containing anti-mold additive 
and half without. Half of the treated samples and half of the 
untreated were exposed vertically in a rack standing outdoors and 
the other half of each was in a ‘‘stabilized natural*' test chamber 
(41) which approximated 30-35® C. and 80-85% relative humidity 
as averages for the higher ranges. The second paint series con¬ 
sisted of nine interior paint types having three specimens with 
anti-mold additive each and three untreated, two of each three 
exposed outdoors and one each in the test chamber. For about 
two months the outdoor exposures of the first series were in a 
mangrove swamp and then were transferred to an open, cemented 
platform near the bay. During part of the day this area was 
partly shaded from the direct sunshine, but was neither exposed 
to drip from vegetation nor near any large mass of vegetation. 

During the first six to eight months of exposure there were no 
positive evidences of fungal growth on the outdoor panels of either 
series of paint tests. But six months later an undetermined dark 
specking of one of the dark colored outdoor panels of the first 
series had appeared. During the third six months period most of 
the dark colored outdoor samples of this series had this specking, 
which was especially abundant near the upper ends of the panels. 
Some of these brown to black dots were superficial on the paint 
film and some were somewhat imbedded in it. Petri-dish cultures 
on potato dextrose agar and Czapek's solution agar made from 
several of these specks on different panels gave Pullularia growth 
with no other dematiaceous mold developing from the inoculum 
used. In some cases brown mycelial webby growth on the paint 
film was associated with the dots. A microscopic examination of 
the dot type of infestations indicated that they v\ ere composed pri¬ 
marily of dark-brown, oval to globular, heavy-walled spores either 

4 These were originally set up, as planned by the paint department of the 
Centro Research Laboratories of Briarcliff Manor, N. Y., as a part of the 
general program of anti-mold toxicant studies. 
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single or in clumps of two to several spores. Except for this mold 
infestation the painted surfaces showed very little effect from 
“general weathering^* and would have been considered in good 
condition. None of the white to ivory panels of the first series 
developed the Pullularia infestations. The panels in the test- 
chamber were also free from this infestation, although Penicillium 
was present on both treated and untreated samples of the green, 
(ft'own, and red paint films. It was found, however, that the panels 
painted with the anti-mold treated paint developed only 5 to 10% 
of the number of Penicillium patches on the untreated paints. 

In the second series of paint tests all of the outdoor specimens 
of two white paint types, including treated and untreated paints 
alike, developed a heavy infestation of dark brown to black specks 
which gradually changed the general appearance of the paint film 
from white to dull gray in about two years. Specimens of the 
dark globular bodies inoculated into agar plates all developed 
Pullularia growth centers. From figure 1, A & B, it can be seen 
that the typical panel (B) with mold growth has been definitely 
deteriorated as compared with a typical panel of another paint in 
the series (A) exposed similarly but not seriously attacked by the 
Pullularia, The magnified view shown in figure 1, E, demon¬ 
strates that the paint surface itself, showing among the mold spots, 
withstood the general weathering conditions well and although 
painted with an “inside** paint, would have been satisfactory if it 
had not become infested with Pullularia, 

PULLULARIA ON PLASTIC PANELS 

The plastic panels which were of commercial origin were glass 
cloth coated, as stated by the fabricator, with “Vihylite VYNV, 
having Dioctyl Phthalate as the main plasticizer but with tricresyl 
phosphate and some amounts of another plasticizer whose chemical 
composition is unknown to me." Metallic pigments of various 
colors were used and the totally inadequate amount of ten parts 
per .million of pyridylmercuric stearate as anti-mold toxicant was 
uafed in certain coatings. The upper, infested surfaces of two 
panels, one representing the toxic-treated plastic (C) and the 
other not treated (D), are shown in figure 1, C & D. It was^ 
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evident from naked eye and microscopic examination that there 
was little difference between the amount of mold development on 
these two panels, as one would expect from the small amount of 
toxicant used, and that they had been well covered with the mold 
spots in the three months exposure period. A quantitative exami¬ 
nation of a typical area on the non-toxic panel showed that out of 
a total of 62 mold colonies developed from a scraping, 53 were 
rullularia and 9 were Cladosporitim. An examination of ten of 
these plastic panels showed that all were rather heavily infested 
with this mold which was mainly of the black, spotted to granular 
type (fig. 1, F), essentially identical with the main growth on the 
paint panels. In some cases the mold deterioration developed as 
vague, dark blotches up to four or five millimeters in diameter. 
On some panels the blotched condition was found also on the 
under side and on some, fairly large masses of the dark brown 
mycelium with various stages of chlamydospore formation were 
found on the under side where moisture could accumulate and 
remain for a longer period than on the upper surface, thus encour¬ 
aging a more abundant vegetative growth. In still other cases a 
more even, very fine, l)lack-dotted condition existed, but the micro¬ 
scopic appearances of the blotched areas and of this type were 
essentially alike (fig. 1, G). Less frequently a mycelial web, 
similar to some spots on the paint panels, was intermixed with 
clusters of spores, on both upper and lower surfaces of some of 
the panels (fig. 1, I). The majority of the hyphae in such cases 
had chains of chlamydospores in various stages of development 
(fig. 1, H). These superficial differences seemed to be asso¬ 
ciated with differences in the plastic coating and probably with the 
atmospheric conditions at the time of development of the infesta¬ 
tion. Collodion drops were placed on several spots .on the upper 
surfaces of different panels and the partially dried film was mounted 
in lactophenol plus 10% O. T. as spreader. These microscopic 
mounts as seen in figure 1, G,*H, I, give a very clear picture of 
the exact positional relationships of the mold on the plastic sur¬ 
faces and of their detailed appearance. A microscopic examination 
of these plastic panels showed that while most of the spores were 
of the Pullularia irregular-globular type in small or large clusters^ 
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or less often in short chains, there were occasional stray spores of 
other types including Pestdotia and apparently Cladosporium * as 
the most frequent kinds. Very few dust granules were present on 
the upper surfaces where the black, granular infestation was most 
abundant. 

Potato dextrose agar plates were inoculated in three to five places 
with mold material taken from the various types of growth de¬ 
scribed above and Pullularia developed in all cases. Occasional 
growths of other dark molds developed as well, especially Pesfa- 
lotia and a dark mold not yet satisfactorily identified. Tricho- 
derma developed on some of these plates, but did not originate 
from the inoculation centers except on one plate. It does not 
appear that any of these molds contributed largely, if at all, to the 
spotting of these plastic surfaces. General climatic deterioration of 
these plastic surfaces was noted in some cases, but the mold attacks 
were the primary cause of early deterioration. 

The extent to which molds may penetrate and discolor resin- 
impregnated glass cloth is indicated in figure 1, J, K, taken from 
another series of tests on a different type of material, made in the 
high humidity chamber. The black, mixed mold growth pene¬ 
trated among the strands of glass fibers to an undetermined but 
appreciable depth. 

CULTURAL CHARACTERISTICS OF PULLULARIA 

, In petri-dish cultures on potato dextrose agar the Pullularia 
growth almost always starts out as a mucoid, milky, somewhat 
elevated, surface mass (fig, 1, L), composed of the small, oval, 
colorless conidia or blastospores which multiply very rapidly for 

Earlier investigators, as for example Laurent (23) and Massee (26), 
probably were confused by the fact that frequently Pullularia (then desig¬ 
nated Dematium pullulans) produces smooth, oval, dark, two-celled spores 
which are very similar to spores of Cladosporium, and they identified these 
fungi as stages of the same mold. However, qu<^ting from Bennett (5) 
“there is much evidence that Laurent’s view is erroneous.” Many plate 
cultures of Pullularia and of Cladosporium made in the course of the studies 
reix)rted here clearly indicate, in agreement with Loew, janezewski, Planchon, 
Hoggaii, Brooks and Hansford and Bennett, as rciwrted by Bennett (5), 
that there is no genetic relationship between the two. although frequently 
found growing together. 
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several days. Under favorable conditions this milky, mucoid 
growth can spread in four or five days to cover over a half or 
more of the agar surface in a 100 mm. petri dish culture. At this 
stage, but usually a little later, fine, radiating, colorless, submerged 
hyphae with attached conidia can be distinguished by a careful 
adjustment of lateral, reflected illumination against a black back¬ 
ground undei* the higher powers of binocular magnification. This 
TS especially ^ell seen through the bottom of the petri dish. How¬ 
ever, the great mass of conidia is produced by yeast-like budding 
of the conidia, which process, at a slightly later stage, gives rise 
to masses of these colorless conidia along the fine colorless hyphae, 
thus producing, near the center of the growth, broad, radiating 
bands of mucoid-milky growth tapering toward the distal ends of 
the hyphae and with frequent, tuberculoid enlargements where ex¬ 
ceptionally rapid budding has taken place. This latter develop¬ 
ment takes place primarily if not entirely along the hyphae which 
radiate more deeply into the agar. In eight to ten days or earlier, 
a fringe of small, colorless hyphae usually more or less surrounds 
the mucoid to dark central area (fig. 2, A), which may have also 
begun to pass into the next stage. At this time the whole culture 
may be entirely mucoid-milky in appearance, or fringed with 
hyphae, or there may be the beginning of the darkening associated 
with the production of brown and later black spores and hyphae 
(fig. 2, B). This dark coloration may begin as a fine, scattered- 
dotted condition due to single scattered chlamydospores (fig. 2, 
C). Further blackening is due either to dark walled hyphae (fig. 
2, A, D, E) changing rapidly to almost black and usually contain¬ 
ing closely successive chlamydospores, or to the production of oval, 
brown spores similar in type to the colorless oval blastospores and 
forming broad bands of deep brown mucoid growth tapering to¬ 
ward the distal ends of the hyphae and with frequent tuberculoid 
enlargements (fig. 2, D, E). In the still older cultures the entire 
growth may form a solid black mass including the submerged and 
surface layers (fig. 2, F). The dark spores may vary from smooth 
to warty and may be single, in pairs, or in clumps of three to sev¬ 
eral (fig. 1, G; fig. 2, C, G). When formed within the hypha 
they may be single or from two to numerous and contiguous, pj 
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sometimes with alternating groups of light colored vegetative cells 
of variable number between the groups of dark spores. It has 
been noted that a rapid blackening of the cultures occurs when¬ 
ever somewhat unfavorable conditions exist, including competition 
with other molds on the same plate and drier conditions near the 
edge of the plate or where a thin agar layer is present. This reac¬ 
tion may be associated with the ability to resist unfavorable natural 
c«>nditions such as those on the paint and plastic panels. 

DISCUSSION 

Resistant Nature of Pullularia. From a tabulation of reports on 
the occurrence of Pullularia, it appears that this fungus may be 
found especially abundantly in the sub-tropical, humid areas of 
the world but also frequently in the temperate, humid regions. 
However, its abundance on the upper, plastic surfaces, as viable 
inoculum, exposed facing the main source of heat and light in the 
Miami area, indicates that it is, under these conditions, highly re¬ 
sistant to high temperature, dryness and strong sunlight and can 
develop spores and hyphae (fig. 1, G & H) during the brief 
periods of moisture, especially dew, characteristic of this area. 
On the other hand, Rennerfelt (38) reports that Pullularia grows 
best at about 27° C. on the synthetic medium which he used. It 
is not certain just how the dark, heavy-walled spores are produced 
on the paint and plastic surfaces. They may result from a very 
sparse mycelial development changing almost immediately into the 
heavy-walled chlamydospore stage, as seen in figure 1, H. Micro¬ 
scopic evidence from culture work indicates that this process can 
occur very early under unfavorable conditions and the fact that 
these specks on the paint and plastic surfaces are composed of 
small clumps and short chains of spores indicates that such my¬ 
celium as is formed rapidly attains the chlamydospore stage. Two 
physiological characteristics of Pullularia which may help to ac¬ 
count for its ability to develop On paint and plastic surfaces out¬ 
doors are its dark colored spores, which are reported to be rela¬ 
tively more resistant to ultra-violet radiation than light colored 
spores (13, 20, 44), and its reported ability to assimilate elemental 
nitrogen (43). In addition to the early isolations of Pullularia 
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from the paint surfaces, later tests (August to November 1948) 
gave rise to colonies on agar plates in all cases, indicating long 
continued viability of the spores under these conditions. 

Dissemination of Pullularia. Since the distribution of Pullularia 
infection spots on the paint and plastic surfaces is fairly uniform 
over the areas affected, it points to the probable spread of the 
spores by air currents rather than by animal agencies or rain. 
The fact that the heaviest infestation on the long paint panels was 
on the upper portions substantiates this view as does also the fact 
that the infestations were not in lines or in short trails such as 
one finds when fungi are distributed by crawling insects. 

The source of the inoculum for these infestations is at present 
unknown since the paint panels and the plastic panels were both 
in open exposure sites, but at a distance of several miles from one 
another. In an informal report it has been stated to the author 
that in the course of allergenic studies being carried on in Miami, 
Pullularia has not been recognized as a common mold in the types 
caught on exposed agar plates. It has not been possible as yet for 
the writer to carry out tests of this type. The fact that neither of 
the paint tests showed any serious infestation until the second year 
of exposure indicates that there may have been very little Pullularia 
distribution during the first year (1946), and considerable during 
the second year of exposure (1947), or growth conditions were 
very different throughout these two years. The plastic samples 
were placed on test in January 1948 and had acquired a rather 
heavy infestation when the photograph (fig. 1, C, D) was taken 
in April. Hence, the early part of that year was favorable for 
Pullularia distribution and development. In the Central and South¬ 
western United States, it is reported (29) that Pullularia may 
occur as a ‘‘shower” “and make up a significant fraction of the 
total mold count” of air-borne molds, although it is not listed by 
these authors as an allergenic mold. Pullularia has been reported 
as a soil inhabitant (32, 42, 48), but there seem to be no published 
data of its multiplication in the soil, or of any great abundance in 
that medium. In the ca.se of the paint tests, at least, it appears 
improbable that the heavy infestation could have been from ad¬ 
jacent soil sources, since these tests were on exposure near the 
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shore of Biscayne Bay and not near any source of oi>en soil. 
Moreover, there was very little evidence of soil particles on the 
paint samples and the heaviest infestation was at the upper ends 
of the panels. From these data it appears that although this mold 
is not uniformly an air constituent it may from time to time be 
carried in considerable amounts, possibly for considerable dis¬ 
tances. Experience in Europe (8, 40, 45) has shown also that 
^lie presence of Pullularia as spores in the air and as sooty-mold 
is spasmodic or seasonal, but the sources of these spores do not 
appear to have been determined. The source and type of inoculum 
are still problematical where this mold develops in outdoor loca¬ 
tions. It is possible, although by no means certain, that each small 
spot of infestation, on these paint and plastic panels, came from an 
original air-borne inoculum. However, it was clear from an ex¬ 
amination of the plastic panels that some growth had taken place 
at many of the centers of infestation. 

A variable ability of different cultures of Pullularia to produce 
the black pigment and numerous chlamydospores has been noted, 
but no specific studies on this have been made by the writer. It is 
stated by one investigator (37) that this organism may be able to 
synthesize to some extent the substances necessary for growth, but 
not for spores and color of mycelium. 

SUMMARY AND CONCLUSIONS 

The evidence presented in the current studies shows that this 
mold may be responsible for serious deterioration of painted 
surfaces in southern Florida quite aside from and prior to general 
climatic injury and is therefore an important subject of study for 
methods of prevention in order to prolong the early life of an 
otherwise satisfactory paint. 

It is also demonstrated that certain plastic surfaces are likewise 
subject to serious deterioration by this same organism either asso¬ 
ciated with or prior to general climatic injury. The extent to 
which different types of plastics and plastic surfaces are subject to 
this type of deterioration should be given separate and careful 
consideration in the attempt to provide satisfactory plastic mate¬ 
rials for use in the areas where this mold is prevalent. 
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The ready recognition of Pullularia as an organism causing 
injury or deterioration depends upon a knowledge of its charac¬ 
teristic appearance and stages under varying conditions, since, as 
indicated above, it is able to adapt itself readily to conditions which 
in general are unfavorable to most molds. Data and observations 
are included to provide some of this information. Further studies 
are in progress to round out the knowledge of its developmental 
stages under adverse conditions and the source and dissemination 
of the inoculum for the heavy infestations which occur in the open. 
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EXPLANATION OF FIGURES 

Fig. 1, Photomicrographs showing deterioration of paint and plastic sur- 
fadbs due to Pullularia and other Dematiaceae. A. (lx) White painted 
panel showing heavy spotting with Pullularia. B. (1 X) Panel painted with 
a different paint at the same time and exposed simultaneously with (A), but 
without Pullularia infestation. C. (% X ) Plastic panel with a small amount 
of fungistat present. D. (% X) Untreated plastic panel, but both C and D 
heavily infested with Pullularia after three months’ exposure. E. (8X) A 
portion of (A) showing various sizes of patches of the mold with the back¬ 
ground of otherwise undeteriorated paint surface. F. (60 X) A portion of 
(D) showing various sized patches of the mold. G (225 X) Patches of 
Pullularia removed from a plastic panel by a collodion peel showing spore 
clumps of the “granular type’’ of growth. H. (225 X) Pullularia in a col¬ 
lodion peel from a plastic panel showing detail of the “mycelial type” of 
growth. 1. (60 X) A portion of (D) showing patches of the mold vari¬ 
ously connected by mycelial strands. J. (1 X) A type of deterioration of 
another resin-impregnated glass cloth associated with an infestation of de- 
matiaceous molds. K. (10 X) Portion of (J) showing the elongated, black 
streaks of fungal growth following and intermixed with the glass fibers 
L, (8 X) A very young “mucoid” growth of Pullularia on potato dextrose 
agar with a small black center. Note the radiating hyphae with large 
masses of milky blastospores forming the blunt irregular marginal points 
with the hyphal tips projecting. 

. Fig. 2. Photomicrographs showing certain characteristics of Pullularia 
on potato dextrose agar medium. A. (2 X) A young growth, older than in 
figure 1, L, with a white, radiating margin of hyphae and black mature 
center with radiating dark hyphae which finally become amalgamated into a 
solid black mature growth. B. (1 X) A later stage showing the light 
young marginal area composed of hyphae and closely packed blastospores 
and the dark, mature central area, C. (225 X) A very young growth re¬ 
moved and slightly flattened under a cover glass showing the masses of color¬ 
less blastospores and scattered dark, chlamydospores developed directly in 
the blastospore “mucoid” mass with no hyphal development. D. (30 X) 
Dark hyphae with numerous scattered “tuberculoid” masses of dark blasto- 
spore-Uke spores as seen through the petri dish bottom against a light back¬ 
ground largely composed of blastospores together with fine hyaline hyphae. 
E. (60 X) A portion of (D). Colorless ^tuberculoid” hyphae of otherwise 
similar type are developed in the younger stages of growth and may be 
found in the same petri dish culture with the dark ones shown here. F. 
(IX) A mature culture in which essentially all of the hyphae and spores 
are deep brown to black and with heavy walls. G. (225 X) Short chains 
and clumps of dark chlamydospores with numerous' colorless blastospores 
forming the background. A later stage than shown (pig. 2, C). 



NOTES AND BRIEF ARTICLES 


NOTICE OF FORAY 

The Annual Foray will be held August 7 to 11 at the University 
of Wyoming Science Camp, located in the Medicine Bow Moun¬ 
tains, forty miles west of Laramie at an elevation of approximately 
9,500 feet. Within a radius of ten miles from the camp, the eleva¬ 
tion ranges from 7,800 to 12,000 feet. The camp location offers 
an excellent opportunity to study the mycological flora of plant 
associations representing alpine, subalpine, montane, foothills, and 
plains zones. Laboratory accommodations and equipment (micro¬ 
scopes, presses, driers, etc.) will be available. The University is 
reserving accommodations for forty meml)ers of the Mycological 
Society. Board and room will be provided at approximately $4.00 
a day per person. Blankets, linens, towels, and soap will be fur¬ 
nished. Although the days are warm, the nights are cool; conse¬ 
quently, suitable warm clothing is essential. Mail to be delivered 
(luring the Foray should be addressed in care of the University of 
Wyoming Science Camp, Centennial, Wyoming. Communicate at 
the earliest possible date with Professor W. G. Solheim, University 
of Wyoming, Laramie if you plan to attend and list the names of 
individuals who are expected to accompany you.— Kenneth B. 
Raper. 
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THE GROWTH OF TRICHOPHYTON MEN- 
TAGROPHYTES AND FIVE OF ITS 
VARIANTS AS AFFECTED BY 
SEVERAL NITROGEN 
SOURCES 


Ilda McVeigh and Florence Cajipbell 
(with 2 figures) 

The phenomenon of variation in the imperfect fungi has long 
been recognized. It is especially important because the identifica¬ 
tion of the various species depends largely on their appearance in 
culture, and failure to take cognizance of the variation displayed by 
most species in laboratory culture has led to a great deal of con¬ 
fusion in their taxonomy. Skinner, Emmons, and Tsuchiya (4) 
estimate that the number of true species can perhaps be reduced to 
one tenth of the reported number by a critical comparison of 
strains and a proper evaluation of variability. 

Like many other imperfect fungi. Trichophyton mentagrophytes 
gives rise to pleomorphic variants as the culture increases in age. 
These can be distinguished by rate of growth, morphology of col¬ 
ony, pigment production, microscopic appearance, and physiological 
characteristics. Nine such variants were isolated by Robbins and 
McVeigh (3) and have been maintained in culture apparently 
unchanged since their isolation. 

Little work has been done on the nutrition of variants of imper¬ 
fect fungi from a comparative standpoint. Robbins and Ma (1) 

[Mycologia for May-June (42 : 333-449) was issued June 15, 1950] 
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and Robbins and McVeigh (2) included a few variants of T. men- 
tagrophytes in their nutritional investigation of that fungus. These 
are, apparently, the only examples of such comparative studies. 
The purpose of this investigation was to determine the comparative 
degree to which various forms of T. mentagrophytes are able to 
use the same sources of nitrogen as well as the ability of any one 
form to utilize different,sources of nitrogen. 


materials and methods 


The strains of T, mentagrophytes used in this study were ob¬ 
tained through the courtesy of Dr. William J. Robbins, New York 
Botanical Garden, New York City. The normal form (N) was 
isolated from a human subject in 1942, and has been maintained in 
laboratory culture apparently in its original condition since that 
time. In addition to this form, the nine variants isolated from it 
by Robbins and McVeigh (3) were also included in the preliminary 
work. These investigators designated these variants B, A, 4al5, 
7al4, 7a38, 6a24, 2a37, and Dl. On the basis of preliminary ex¬ 
periments six of the forms which exhibited wide differences were 
selected for subsequent experiments. 

They were maintained in stock cultures, apparently unchanged, 
by weekly transfers to fresh agar slants. The stock medium had 
the following composition: 


Dextrose 

KH,P04 

M^S04-7H,0 

Thiamin hydrochloride 

Neopeptone 

Distilled water 

Agar 


50.0 g. . 
1.5 g. 

0.5 g. 

1500.0 M-moles 

2.0 g. 

1000.0 ml. 

15.0 g. 


To this medium the following mineral supplements were added in 
parts per million: B, 0.005; Mn, 6.01; Zn, 0.09; Cu, 0.02; Mo, 
0.01; and Fe, 0.01. The pH of the medium ranged between 5.0 
and 5.5. 

The basal medium was the same as the stock medium indicated 
above except for the nitrogen source, which was varied, and the 
*agar. The agar was purified according to the method described 
by Robbins and Ma (1). The nitrogen sources^ were of chemi¬ 
cally pure grade, and, except for urea, were added to the basal 
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medium in quantities containing equivalent amounts of nitrogen, 
using 2 g./l. of asparagine as the basis of comparison. For the 
amino acids, calculations were based on the nitrogen content of 
the biologically active form. The nitrogen sources used included 
potassium nitrate, ammonium sulfate, neopeptone, casein hydroly¬ 
sate, urea, asparagine, glutamic acid, tyrosine, phenylalanine, argi¬ 
nine, and leucine.^ 

Both liquid and agar media were used. The agar media were 
added in amounts of 15 ml. to 20 X 180 mm. test tubes. After 
autoclaving at a temperature of 121.5® C. for 15 minutes, the tubes 
were slanted as uniformly as possible and the media allowed to 
solidify. When liquid media were used amounts of 15 or 25 ml., 
depending upon the experiment, were added to 125 ml. Erlenmeyer 
flasks. These were sterilized as described above. 

All inoculations were made from cultures 5 to 7 days old, by 
adding uniform portions of mycelium and spores about the size of 
a pin head to the center of the agar slant. Larger bits of inocula 
were used for the liquid cultures because the organism grows more 
slowly on liquid media. All tests were made in triplicate, and the 
average results calculated. The experimental as well as the stock 
cultures were incubated at 30° C. 

All glassware was cleaned with detergent and then rinsed seven 
times with tap water and twice with distilled water before using. 
The chemicfls were of C.P. grade. 

Results from the cultures grown on agar slants were obtained 
by measuring the diameters of the colonies at intervals of 3, 7, 10, 
and 14 days and also by observing thickness of the mats. At the 
end of the incubation period, the hydrogen ion concentrations were 
determined approximately by means of pHydrion paper. In some 
experiments, supplementary results were obtained by determining 
the weights of the dried mycelia. This was done by autoclaving 

1 On the basis of the amount of nitrogen in 2.0 grams of asparagine, the 
nitrogen sources were added per liter of basal niedium in the following 
amounts: casein hydrolysate, 2.71 g.; neopeptone, 2.91 g.; ammonium sulfate, 
2.0 g.; 1-glutamic acid, 4.38 g.; 1-tyrosine, 5.49 g.; 1-leucine, 3.96 g.; 
1-arginine monohydrochloride, 1.59 g.; dl-phenylalanine, 10.0 g. Urea was 
added to the basal medium in amounts of 1.8 g./l. The nitrogen contained 
in this amount of urea was approximately twice that in the media in whidi 
other compounds supplied th^ nitrogen. 
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the cultures, removing the mats from the melted agar, washing 
them with hot distilled water, and drying them at 100^ C. for 24 
hours. The mats were placed in a desiccator over drierite until 
they cooled to room temperature, and were then weighed. 

Dry weights and hydrogen ion determinations were also made of 
the cultures grown in liquid media. After an incubation period of 
14 days the hydrogen ion concentrations were determined with the 
pHydrion paper, and the cultures autoclaved. They were then 
filtered through tared Gooch crucibles containing filter paper discs. 
The mats were washed thoroughly with distilled water and after 
drying, weights were determined as indicated above. 

RESULTS 

A preliminary experiment was designed to give an indication of 
the relative ability of the ten forms of T. mentagrophytes to use 
various sources of nitrogen, and to enable the selection, for further 
investigation, of those variants which exhibited the greatest differ¬ 
ences. Five sources of nitrogen (casein hydrolysate, neopeptone, 
asparagine, potassium nitrate, and ammonium sulfate) were used. 
These were added separately to portions of the basal medium in 
concentrations of 2 g./liter. 

The results of this expeiiment indicated that the best growth of 
all forms of this organism was obtained when a coriiplex organic 
nitrogen source, such as casein hydrolysate or peptone, was used. 
Moderate growth was ol)tained on the medium containing aspara¬ 
gine, whereas the nitrogen of the inorganic compounds was almost 
completely unavailable, especially to the conidial forms. Am¬ 
monium nitrogen, in the form of (NH 4 ) 2 S 04 , was somewhat more 
beneficial to the fast growing or mycelial forms than nitrate nitro¬ 
gen (KNO 3 ). Growth on potassium nitrate was little, if any, 
better than that which could be accounted for by the nitrogen 
carried over with the inoculum. 

Differences in growth characteristics of the various forms were 
decidedly less distinct on the media containing the complex nitrogen 
sources, peptone and casein hydrolysate than on asparagine, al¬ 
though the various forms were still distinguishable. Differences 
were most obvious on the medium containing asparagine, and were 
somewhat less apparent on that containing ammonium sulfate. 
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With potassium nitrate as the only source of nitrogen, growth of 
all forms was so poor that they were indistinguishable. 

Those forms which varied from one another most in amount of 
growth and in appearance were selected for further study. These 
were the normal form N and five of its variants—B, 4al5, 4a4, 
7al4 and Dl. Three of these forms tended to be mycelial in char- 
^acter (B, 7al4 and 4alS) and three tended to be conidial (N, 4a4 
and Dl). The normal form and 4a4 are much alike. Variant Dl 
produces the least mycelium of any of the isolates. Of the three 
mycelial forms, 7al4 and 4al5 were considered intermediate be¬ 
tween B, which produces abundant mycelia, and the conidial forms 
(N, 4a4 and Dl), which produce much less mycelia and many 
conidia. 

In the second experiment five nitrogen sources (neopeptone, 
casein hydrolysate, asparagine, urea, and ammonium sulfate) were 
used. Except for urea, these were added to the basal medium in 
quantities containing equivalent amounts of nitrogen. Urea was 
added in amounts of 1.8 g,/l. which provided approximately twice 
the amount of nitrogen supplied by the other sources. Because 
growth after three days was so slight and because of the possibility 
of pleomorphisms being present in 10 days, measurements of colony 
diameters taken after 7 days of incubation were considered to be 
the most accurate. 

Table I summarizes the measurements of 7-day cultures on the 
five nitrogen sources; figure 1 includes photographs taken of 10-day 

TABLE I 

Average Colony Diameters of Triplicate Cultures of the Normal 

Form of T. mentagrophytes and Five of Its Variants When Grown 
ON the Basal Agar Medium with Five Different 
Sources of Nitrogen. Age; 7 Days 


Form 

'^Nitrogen source 

Neopeptone 

Casein 

hydrolysate 

Asparagine 

Urea 

Ammonium 

sulfate 


mm. 

mm. * 

mm. 

mm. 

mm. 

B 

44.7 

44.7 

21.5 

23.0 

21.0 

7al4 

41.3 

35.0 

19.7*, 

16.8 

18.5 

4al5 

23.0 

18.0 

15,5 

16.0 

9.3 

4a4 

39.7 

36.7 

14.0 

16.7 

16.3 

N 

41.3 

33.7 

13.7 

15.0 

14.3 

Dl 

27.3 

22.0 

6.0 

8.7 

12.7 
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cultures on asparagine, urea and ammonium sulfate and 14-day 
cultures on neopeptone and casein hydrolysate. On the basis of 
general appearance, growth of each of the forms on the five sources 
of nitrogen was in the following order: neopeptone = > casein 
hydrolysate > asparagine' > urea = > ammonium sulfate. The 
measurements of the diameters of the colonies are not always an 
indication of amount of growth. A colony may be widespread 
but composed of a very sparse mycelium while others of small 
diameters may be composed of a thick, compact mycelium. As 
mentioned previously, the differences between the forms were less 
distinct on the media containing complex nitrogen sources than on 
those containing simpler ones. 

Of the six forms, B grew most luxuriantly on each of the sources 
of nitrogen supplied. It produced dense, fluffy, highly mycelial 
colonies on each of the media; the density and extent of growth 
were nearly equal on neopeptone and casein hydrolysate, whereas 
considerably less growth occurred on the simpler nitrogen sources. 
Variant 7al4 closely resembled B, but was less spreading and usu¬ 
ally somewhat less dense. On ammonium sulfate 7a 14 was quite 
different from B in that it formed a decidedly thinner, flatter my¬ 
celium. Variant B formed no pigment in any of the media, while 
7al4 produced a pale, gold pigment when grown on the medium 
which contained casein hydrolysate. 

Variant 4al5 ranked third in amount of growth although, on the 
^basis of measureiifents of colony diameters, it sometimes appeared 
to have produced less growth than 4a4 or N. Growth was less 
widespread on peptone, casein hydrolysate and ammonium sulfate, 
but the colonies were denser and more mycelial in character than 
those of N and 4a4. On neopeptone and casein hydrolysate dense, 
moderately fluffy colonies with cream colored mycelia developed. 
Growth on the simpler nitrogen sources was thinner and less wide¬ 
spread, especially that on ammonium sulfate. A pale gold pigment 
was produced by this form on two types of media, namely those 
containing neopeptone and urea. 

Variant 4a4 was almost indistinguishable from the normal form 
(N) on all media. The slight differences between the two in 
amount of growth were probably no more than could be accounted 
for by experimental error. Both were very powdery on neopep- 
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tone and casein hydrolysate, producing a dense subsurface myce¬ 
lium with a flat mat of aerial hyphac. A brown pigment was pro¬ 
duced by both forms on these media. On asparagine, a thin 
mycelium that was largely subsurface was produced. The colonies 
were very powdery and a deep gold-brown pigment developed. 
Growth on urea and ammonium sulfate was very scant, although 
widespread. 

Variant D1 was the most slow growing of the cultures on all the 
media. It grew poorly on urea and ammonium sulfate and pro¬ 
duced a very thin, but widespread mycelium; on asparagine its 
growth was powdery with a thin mycelium, and a gold lirown 
jugment was produced. Colonies on casein hydrolysate had wrin- 

TABLE II 

Hydrogen Ion Concentrations of Culture Media Containing Five 
Different Nitrogen Sources on Which the Normal Form 
OF T. mentagrophytes AND Five of Its Variants 
Had Been Grown for 14 Days 


Form 


Nitrogen source 



Neopeptone 

Casein 

hydrolysate 

Asparagine 

Urea 

Ammonium 

sulfate 


pH 

pH 

pH 

pH 

pH 

B 

5.0-5.5 

5.0-5.5 

5.0-5.5 

5.0-5.5 

5.0-5.5 

7al4 

5.0-5.5 

5.0-5,5 

5.0-S.5 

5.0-5.5 

5.0-5.5 

4al5 

5.0-5.5 

5.0-5.5 

5.0-5.5 

5.5-6.0 

5.0-5.5 

4a4 

5.0-5.5 

6.5-7.0 

7.5-8.0 

7.5-8.0 

5.0-5.5 

N 

5.0-5.5 

6.5-7.0 

7.5-8.0 

7.5-8.0 

5.0-5.5 

D1 

5.0-5.5 

6.5-7.0 

7.5 8.0 

7.5-8.0 

6.5-7.0 


kled centers after 10 days of incubation. On neopeptone the col¬ 
onies were thinner, not wrinkled, and very powdery. 

The hydrogen ion concentrations of the culture media were 
determined after 14 days of incubation to discover whether or not 
any change in pH could be correlated with the type ot growth. 
The determinations are summarized in table IT. 

The results given in table II indicated a correlation between the 
type of growth of the different forms and the changes produced in 
the hydrogen-ion concentrations of the culture media. In the pres¬ 
ence of neopeptone, a natural buffer, no changes in pH occurred in 
the presence of any of the forms. In media containing casein hy¬ 
drolysate, asparagine, and urea, the slow-grow*ng, conidial forms 
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(4a4, N, and Dl) tended to make the culture media more alkaline, 
whereas the mycelial forms (B, 7al4 and 4alS) caused little or no 
change. All culture media had been adjusted to a pH of 5.0-5.5 
before inoculation. 

To substantiate the results obtained on agar slants the six forms 
of T, mentagrophytes were grown in liquid media using casein 
hydrolysate, asparagine, and ammonium sulfate as the sources of 
nitrogen. The weights of dried mats from 14-day cultures are 
summarized in table HI. Also included in this table are calcula¬ 
tions of growth percentages of the five variants based on the growth 
of the normal form (N) as 100 per cent. These are designed to 

TABLE III 

Average Dry Weight of Triplicate Cultures of Six Forms of 
T. mentagrophytes on a Basal Liquid Medium Containing 
Three Different Nitrogen Sources. Age, 14 Days. 

Included are calculations of percentages of growth 
based on that of the normal form 


Form 

Nitrogen source 

Casein hydrolysate 

Asparagine 

Ammonium sulfate 


mg. 

% 

mg. 

% 

mg. 

% 

B 

188.3 

285 

88.1 

2447 

0.73 

561 

7al4 

176.8 

266 

20.3 

564 

0.33 

254 

4al5 

131.8 

199 

4.2 

117 

0.33 

254 

4a4 

48.1 

73 

3.3 

92 

0.13 

100 

N 

66.1 

100 

3.6 

100 

0.13 

100 

Dl 

36.4 

55 

0.9 

25 

0.03 

23 


give an indication of the relative ability of the variants to utilize the 
various nitrogen sources as compared with that of the normal form. 

Results obtained from cultures grown in liquid media were not 
as uniform as those from agar cultures, probably because, in some 
instances, the inocula became submerged and did not grow as rap¬ 
idly as those which remained on the surface. However, growth on 
each of the sources of nitrogen was approximately of the same 
order in the liquid as in the agar medium. The best growth of all 
forms was obtained with casein hydrolysate as the source of nitro¬ 
gen, while asparagine gave fair growth and ammonium sulfate 
yielded poor growth. The relative magnitude of growth of the six 
forms also remained the same, although in the hiedium containing 
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casein hydrolysate the differences between N and 4a4 were greater 
than was expected. This, however, might be explained by the fact 
that the inoculum in one or more of the flasks of 4a4 had become 
submerged. 

The hydrogen ion concentrations of the cultures grown in liquid 
media were determined after 14 days of incubation. These are 
summarized in table IV. The same relationship between the char¬ 
acter of growth and the changes in pH was found to exist here as 
was present in the agar cultures. Again the slow-growing conidial 
forms caused the culture media to become more alkaline than it was 
at the time of inoculation, while the mycelial forms caused little or 


TABLE IV 

Hydrogen Ion Concentrations of Liquid Culture Media Containing 
Three Different Nitrogen Sources on Which the Normal 
Form of T. mentagrophytes and Five of Its Variants 
Had Been Grown for 14 Days 


Form 

Nitrogen source 

Casein hydrolysate 

Asparagine 

Ammonium sulfate 



pH 

pH 

pH 

B 

5.0-5.5 

5.5-6.0 

5.0-5.5 

7al4 

5.0-5.5 

6.5-7.0 

5.0-5.5 

7al5 

5.0-5.5 

5.0-5.5 

5.0'5.5 

4a4 

6.5-7.0 

6.5-7.0 

5.5-6.0 

N 

6.5-7.0 

6.5-7.0 

5.0-5.5 

D1 

6.S-7.0 

7.S-8.0 

6.0-6.5 


no change except on the asparagine medium, and on this the change 
was less than that produced by the conidial forms. 

The remaining experiments were designed to determine the abil¬ 
ity of the six forms of T. mentagrophytes to use each of the fol¬ 
lowing amino acids as a source of nitrogen: glutamic acid, tyrosine, 
arginine, phenylalanine, and leucine. Each of these had been re¬ 
ported by Robbins and Ma (1) to support growth of the normal 
form. Growth on casein hydrolysate was used as the standard for 
comparison. All nitrogen sources were used in quantities con¬ 
taining equivalent amounts of nitrogen. 

Average diameters of the colonies of 7-day cultures of each of 
the six forms of T. mentagrophytes grown on the various amino 
acids and casein hydrolysate are given in table V; figure 2 shows 
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photographs of 14«day cultures on the same media. No single 
amino acid yielded growth comparable to that obtained on casein 
hydrolysate. Judging by general appearances, growth of each of 
the forms on the amino acids was in the following order: glutamic 
acid > arginine > tyrosine > leucine. None of the forms grew on 
phenylalanine except B and 7al4, of which only one transfer out 
of three of each grew. , 

t*'' • 

Growth on glutamic acid most nearly approached that on casein 

hydrolysate, especially that of the mycelial forms. Variants B, 

7al4 and 4alS each formed very dense, fluffy, uniform colonies 

which differed from each other principally in the extent of growth. 


TABLE V 

AvERAGii Colony Diameters of Triplicate Cultures of Six Forms of 
r. mentagrophytes on Basal Agar Medium Containing Five 
Different Nitrogen Sources. Age, 7 Days 


Form 

Nitrogen source 

Casein 

hydrolysate 

Glutamic 

acid 

Arginine 

T yrosine 

Leucine 


mm. 

mm. 

mm. 

mm. 

mm. 

B 

43.5 

39.3 

35.0 

24.7 

19.0 

7al4 

35.7 

30.3 

31.3 

21.5 

14.7 

4al5 

37.0 

26.3 

29.3 

18.3 

15.3 

4a4 

35.5 

18.3 

15.7 

10.3 

14.3 

N 

36.0 

20.7 

16.7 

12.0 

15.0 

D1 

24.0 

14.7 

15.0 

3.7 

7.7 


Variant 7a 14, however, was unusual in that it produced very large 
amounts of bright gold pigment. 

These three variants also grew well with arginine as the nitrogen 
source, although the colonies of 4al5 were less dense than those of 
B or 7al4. On tyrosine they formed very dense fluffy mycelia 
which appeared to have grown in concentric rings. Colonies of B 
and 7al4 on leucine were dense but not uniform in elevation and 
not clearly defined at the edges. The mycelium of 4al5 on this 
medium was flat and somewhat less dense than that of B or 7al4. 

The individual amino acids were less available to the slow- 
growing, conidial forms than to the more rapidly growing, mycelia/ 
ones. Growth of N, 4a4 and D1 on glutamic acid, the amino acid 
which yielded best growth of these forms;, f€^ far below that on 
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casein hydrolysate. When this acid was the source of nitrogen, 
the normal form (N) and variant 4a4 developed a moderately dense 
mycelium which was almost entirely below the surface of the agar. 
These colonies had a coarse powdery appearance. Variant D1 
was less spreading than N or 4a4, but formed somewhat more 
aerial growth. 

Although the diameters of the colonies of N and 4a4 were larger 
on arginine than on tyrosine after 7 days of incubation, the mycelia 
were decidedly more dense on the latter; and as the cultures aged, 
the diameters of colonies on tyrosine became nearly equal to those 
on arginine. Colonies became powdery on both amino acids, but 
pigment was produced only when arginine was the source of nitro¬ 
gen. Growth of variant D1 on arginine was definitely superior to 
that on tyrosine. On the former, it developed a fairly dense sub¬ 
surface mycelium with some thin, flat aerial growth. It became 
powdery and formed yellow-brown pigment in the medium. When 
tyrosine was the nitrogen source, D1 formed a moderately dense 
aerial and subsurface mycelium that spread very little. 

Growth of the three conidial forms on leucine was poor. The 
normal form and variant 4a4 developed a thin mycelium that was 
almost entirely subsurface. The colonies had a very coarse pow¬ 
dery appearance and produced a yellow-brown pigment. Variant 
D1 formed small powdery colonies whose mycelia were largely 
subsurface. 

To supplement the results obtained by observation and by meas¬ 
urements of the diameters of the colonies, dry weights of mats of 
14-day cultures grown in liquid and in agar media were determined. 
These weights are given in table VI. 

Results obtained from liquid and agar media were essentially the 
same, although weights of mats grown on agar media tended to be 
higher than those from liquid media. This was especially true for 
the slow-growing conidial forms. 

The order of growth of the three mycelial forms (B, 7al4 and 
4al5) on the five nitrogen sources as determined by dry weight 
was as follows on both the liquid and agar media: casein hy¬ 
drolysate > glutamic acid > arginine > tyrosine > leucine. Mats 
grown in the liquid medium with tyrosine as the nitrogen source 
weighed less than was expected on the basis or the weight of those 
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on the agar medium. This may have been because the tyrosine 
precipitated out of the medium after autoclaving and held the in¬ 
oculum under the surface of the liquid. Growth of 4al5 on argi¬ 
nine in the agar medium was slightly less than that on tyrosine 
but in the liquid medium containing arginine the mats weighed 
seven times those on tyrosine. The weights of dried mats of ent¬ 
ires which had been grown on casein hydrolysate were less in this 
instance than were those previously given (table hi) ; only 15 ml. 
of medium were used per flask in this experiment, whereas 25 ml. 
had been used per flask in the previous one. 


TABLE VI 

Average Dry Weights of Triplicate Cultures of Six Forms of 
r. mentagrophytes Grown for 14 Days on Agar and on Liquid 
Media Containing Five Different Sources of Nitrogen 


Nitrogen source 


Form 

Caaein 

hydrolysate 

Glutamic 

acid 

Arginine 

Tyrosine 

Leucine 


Liquid 

Agar 

Liquid 

Agar 

Liquid 

Agar 

Liquid 

Agar 

Liquid 

Agar 


mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

B 

164.7 

153.9 

100.9 

109.5 

47.7 

78.2 

15.1 

78.2 

15.5 

50.4 

7al4 

138.0 

133.2 

85.7 

105.1 

23.1 

68.9 

14.4 

45.1 

4.3 

35.7 

4al5 

106.7 

97.6 

66.7 

76.5 

14.7 

30.7 

2.1 

39.9 

1.3 

8.9 

4a4 

38.6 

54.5 

1.7 

15.4 

3.5 

5.9 

1.5 

9.6 

1.0 

1.3 

N 

30.1 

53.8 

1.7 

16.2 

1.4 

5.0 

1.2 

10.2 

1.6 

1.2 

D1 

26.8 

40.0 

2.6 

13.5 

1 

0.2 

4.3 

0.3 

1.5 

1.3 

1.6 


The dry weights of the mats of the conidial forms were so small 
that comparisons of yields on the various sources of nitrogen are^ 
not significant. These forms produced much heavier mats on 
casein hydrolysate than on any one of the amino acids. It might 
also be pointed out that mats of these forms grown on the agar 
medium containing glutamic acid were significantly greater than 
those on the same basal medium with arginine, tyrosine or leucine 
serving as the source of nitrogen. 

The order of magnitude of growth of the six forms was essen¬ 
tially the same as that found in previous experiments, that is, B 
grew best on the media and D1 poorest while the others were inter¬ 
mediate. Some small variations in order were found among the 
slow-growing conidial forms; however, th|^at weights of thes^ 
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when grown in certain media were so small that experimental 
errors in weighing could account for these differences. 

The hydrogen ion concentrations of the cultures grown in liquid 
and in agar media were determined after 14 days of incubation. 
These values are given in table VII. 

No change in pH was observed when arginine, leucine, and tyro¬ 
sine were the sources of nitrogen. The change of the pH to 
neutrality in cultures of the conidial forms grown in a medium 
containing casein hydrolysate was the same as that observed in 
previous experiments. However, when glutamic acid was the 
source of nitrogen, the rapidly-growing, mycelial forms caused the 

TABLE VII 

Hydrogen Ion Concentrations of Liquid and Agar Culture Media 
Containing Five Different Nitrogen Sources on Which the Six 
Forms of r. mentagrophytes Had Been Grown for 14 Days 


Form 

Nitrogen source 

Casein 

liydrolysate 

Glutamic 

acid 

Arginine 

Tyrosine 

Leucine 


pH 

pH 

pH 

pH 

pH 

B 

5,0-5.5 

7.0-7.5 

5.0-5.5 

5.0-5.5 

5.0-5.5 

7al4 

5.0-5,5 

7.0-7.5 

5.0-5.5 

5.0-5.5 

5.0-5.5 

4al5 

5.0-5.5 

7,0 

5.0-5.5 

5.0-5.5 

5.0-5.5 

4a4 

6.5-7.0 

5.5-6.0 

5.0-5.5 

5.0-5.5 

5.0-5.5 

N 

6.5-7.0 

5.5-6.0 

5.0-5.5 

5.0-5.5 

5.0-5.5 

D1 

6.5-7.0 

5.5-6.0 

5.0-5.5 

5.0-5.5 

5.0-5.5 


medium to become neutral or slightly alkaline in reaction, while the 
conidial forms caused little change. This was the only medium in 
which the rapidly-growing forms caused such a change. Although 
the conidial forms N, 4a4 and D1 produced moderate growth on 
this source of nitrogen, particularly on the agar medium, little 
change in the reaction of the medium occurred. 

DISCUSSION 

The results of this investigation substantiate the belief of Robbins 
and McVeigh (3) that the pleomorphic forms of T. mentagrophytes 
are due to mutations rather than to the phenomena of heterocaryo- 
sis and nuclear separation as proposed by Wilhelm (5). Although 
each form varied somewhat on the different media, certain growth 
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characteristics, such as the production of either abundant or scant 
mycelia and numerous or few conidia, remained constant, and no 
evidence of any nuclear separation was observed. The stock cul¬ 
tures were maintained apparently unchanged for the duration of 
this study, a period of about 8 months, by transfers to fresh agar 
slants at weekly intervals. 

The order of magnitude of growth of the six forms studied 
remained approximately the same on all media. This order was 
as follows: B > 7al4 > 4alS > 4a4 = > N > Dl. Some varia¬ 
tion was found in the order of magnitude of growth of the slow- 
growing, conidial forms, particularly the normal form (N) and 
variant 4a4. However, as was pointed out previously, these forms 
yielded such small amounts of growth on some media that slight 
experimental errors could be responsible for this variation. 

The differences in amount of growth between the mycelial and 
the conidial forms increased when simple nitrogen sources were 
substituted for complex ones. This can be most clearly seen when 
the dry weights given in tables III and VI are considered. For 
example, when casein hydrolysate was the source of nitrogen in a 
liquid medium (table hi), growth of the mycelial variant B was 
only 2.85 times that of the conidial form N, whereas when aspara¬ 
gine was the nitrogen source, growth of variant B was nearly 24.5 
times that of the normal form. This was also true when casein 
hydrolysate was replaced by individual amino acids (table vi). 
For example, with casein hydrolysate as the nitrogen source in an 
agar medium, growth of B was only 2.86 times that of N, but 
when leucine replaced casein hydrolysate, growth of variant B was 
42 times that of N. These results seem to verify the opinion of 
Robbins and Ma (1) that mycelial pleomorphic forms of T. menta- 
grophytes have developed more ^ective enzyme systems, that is, 
systems which function in transforming ammonium salts, aspara¬ 
gine and single amino acids into those amino acids used in the 
building of protoplasmic proteins. 

The amino acids used in this study had been reported by Robbins 
and Ma (1) to be beneficial to the nc^ mal form of this fungus, 
after 11 days of incubation in the lollowing order: tyrosine > 
glutamic acid > leucine = phenylalanine > arginine. ^"IShice these 
workers had found that growth on no c(Kie amino acid was e<J&al 
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to that on casein hydrolysate when used on an equal weight basis 
in amounts not exceeding 120 mg. per liter, it seemed desirable 
to determine whether growth on any one amino acid would be 
comparable to that on casein hydrolysate if used in quantities con¬ 
taining equivalent amounts of nitrogen. The amino acids were 
used in considerably larger quantities than had been supplied by 
Robbins and Ma (1). The results obtained, however, indicated 
that none of these amino acids when used on the basis of equivalent 
nitrogen content could support growth to the same extent as casein 
hydrolysate. This suggests that T. mentagrophytes incorporates 
the amino acids of casein hydrolysate into proteins as units, whereas 
individual amino acids must be broken down and rebuilt into other 
essential amino acids before proteins can be synthesized. 

The order of availability of the nitrogen of the amino acids when 
used in quantities containing equivalent amounts of this element 
differs somewhat from the order found by Robbins and Ma (1) 
when equal weights of amino acids were used. On the basis of 
equivalent nitrogen content, the amino acids were beneficial to each 
of the mycelial forms (B, 7al4 and 4al5) in the following order: 
glutamic acid > arginine = > tyrosine > leucine. The order was 
essentially the same for the conidial forms especially in agar media, 
but some small variation was found when these forms were grown 
in liquid media. Because of the small size of these mats the varia¬ 
tions may have been due to errors in determinations of weights. 
Phenylalanine, when supplied in the relatively high concentrations 
used in this investigation, appeared to be toxic to all forms except 
variant B. The colony which developed in one tube inoculated 
with 7al4 was probably a pleomorphism. A difference in growth 
on the amino acids when supplied in equal quantities and when 
supplied in quantities' containing equivalent amounts of nitrogen 
would be expected because of the differences in amounts of total 
nitrogen present. How much of this nitrogen is actually available 
to the organism has not been determined. It is quite possible that 
some of the amino acids in the rather high concentrations em¬ 
ployed in this investigation, and not balanced by the presence of 
other amino acid in the medium, had an antagonistic or inhibitory 
effect on the organism. This may account in part for the difference 
between the relative amounts of mycelia produced on the various 
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amino acids in this investigation and that reported earlier by 
Robbins and Ma (1). It would be desirable to determine the 
optimum concentrations of each of these acids for the growth of 
the various forms. 

The differences between weights of mats obtained from liquid 
and those from agar media in the presence of the same nitrogen 
source (table vi) were probably due to variations in thq oxygen 
TOpply available to the organism. When grown in liquid media 
part of the mycelium was unavoidably submerged and it is possible 
that the oxygen available was not sufficient to yield growth equal 
to that on agar. This was especially true for the slow-growing 
highly conidial forms which appear to have a greater oxygen 
requirement than the mycelial forms. 

The changes in hydrogen ion concentration found in certain of 
the media are of interest, largely because of the regular manner in 
which such changes occurred. In media containing casein hydroly¬ 
sate, asparagine, and urea the slow-growing, conidial forms caused 
a change in pH from 5.0-S.5 to near neutrality or to a slightly alka¬ 
line condition, while the rapidly-growing, mycelial forms caused 
little or no change. However, when glutamic acid was the source 
of nitrogen the mycelial forms caused a change in pH from 5.0-5.5 
to 6.5-7.0, while the conidial forms had very little effect on the pH. 
No explanation can be made of this phenomenon at the present time. 

SUMMARY 

Of the six forms of T, mentagrophytes included in this study, 
the three mycelial forms (B, 7al4, 4al5) were found to be able 
to utilize nitrogen from inorganic and simple organic sources better 
than the conidial forms (4a4, N and Dl). All forms grew well 
when complex organic nitrogen sources, such as neopeptone and 
casein hydrolysate, were supplied. No single amino ac^^ used in 
quantities equivalent in nitrogen content, was fouttd ^a'support 
growth as well as did casein hydrolysate. " 

A relationship was found between the type of growth of the 
different forms and the changes which thcf*,loused in the hydrogen 
ion concentration of the culture media;' After 14 days of incuba¬ 
tion in media containing either casein sate, asparagine or 
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urea, the slow-growing, conidial forms had caused a change in pH 
from 5.0-5.S to neutrality or to a slightly alkaline condition, while 
the rapidly-growing, mycelial forms had produced little or no 
change. However, in the medium containing glutamic acid the 
reverse was true. 

No evidence of nuclear separation was found during the course 
of this investigation. The results obtained by dry weight deter¬ 
minations indicated that the order of magnitude of growth of the 
normal form and its variants remained essentially the same on each 
of the sources of nitrogen, and the cultures of any one form grown 
on the different agar media exhibited certain constant growth char¬ 
acteristics. These results substantiate the idea that the variants of 
T, mentagrophytes are due to mutations rather than to a hetero- 
caryotic condition. 
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A SURVEY OF THE GROWTH REQUIRE¬ 
MENTS OF SOME BASIDIOMYCETES * 


William J. Robbins^ 

(with 1 figure) 

The study of the growth substance deficiencies of microorganisms 
has proved to be an important field of investigation not only for the 
biology of the organisms concerned but for the discovery of new 
vitamins, for bioassay and for determining the steps involved in 
the synthesis and degradation of important metabolic substances. 

The present paper reports a preliminary survey of the nutrient 
requirements of a group of Basidiomycetes, primarily wood de¬ 
stroyers. Most of the cultures used were originally obtained from 
Ross W. Davidson, Department of Forest Pathology, United 
States Department of Agriculture, to whom our grateful appre¬ 
ciation is expressed. 

Species of a number of the genera included in this survey as 
well as other Basidiomycetes have been reported to be partially or 
completely heterotrophic for thiamine and a few have been found 
to be heterotrophic for both thiamine and biotin. A review of the 
literature will not be included he re bu t a bibliography for the con¬ 
venience of interested readers is given at the end of this paper. 

In our survey, each of 310 isolations (including 281 species) of 
Basidiomycetes was grown at 25® C. on an agar medium containing 
2 per cent Difco desiccated malt extract and on a basal medium. 

The basal medium contained .per liter 50 g. dextrose, 1.5 g. 
KH2PO4, 0.5 g. MgS 04 *71120 and 2 g. asparagine. To this 
solution the following trace elements in p.p.m. were added: 0.005 B, 
0.02 Cu, 0.1 Fe, 0.01 Ga, 0.01 Mn, 0.01 Mo, 0.09 Zn. The agar 

1 The author acknowledges the assistance of Roberta Ma and Ilda McVeigh 
in the experimental work summarized here^ The investigation was sup¬ 
ported in part by the Alexander P. Anderson and Lydia Anderson Fellow¬ 
ship Fund of The New York Botanical Garden. 

* Department of Botany, Columbia Uniyersity, and The New York 
Botanical Garden. * ' ^ 
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was purified by extracting Difco agar in a percolater successively 
with 5 per cent aqueous pyridine, distilled water, 1 per cent hydro¬ 
chloric acid and distilled water. The agar was then neutralized 
with calcium hydroxide, washed free of excess calcium, partially 
dehydrated with 95 per cent ethanol and dried at 40^^ C. 

All of the isolations grew on the malt agar but the growth on the 
basal medium pf 190 of the 310 was extremely poor. 

The results of this preliminary survey at the end of one month 
with the fungi grouped according to genera are given below. The 
number of species is given in parenthesis. 


Genus 

Total number 
species and 
isolations 

Number showing 
very little 

growth on basal medium 

Armiliaria (1) 

1 

1 

Claudopus (1) 

1 

1 

Clitocyhe (2) 

2 

2 

Collybia (2) 

2 

1 

Coniophora (2) 

2 

0 

Coprinus (1) 

1 

0 

Corticium (11) 

12 

9 

Cytidia (1) 

1 

1 

Daedalea (6) 

7 

4 

Echinodontium (1) 

1 

0 

Exidia (1) 

1 

0 

Favolus (1) 

1 

1 

Fistulina (1) 

1 

1 

Flammula (1) 

1 

1 

Fames (43) 

45 

20 

Ganoderma (1) 

1 

1 

Hirneola (1) 

1 

1 

Hydnum (9) 

’ll 

10 

Hymenochaete (5) 

7 

4 

Hypholoma (1) 

1 

1 

Irpex (2) 

2 

1 

Lentinus (3) 

3 

1 

Lenzites (4) 

5 

4 

Lepiota (1) 

1 

0 

Lycoperdon (2) 

2 

0 

Merulius (3) 

3 

2 

Omphalia (1) 

1 

0 

Panus (4) 

5 

3 

Peniophora (7) 

7 

6 

Phallus (Ilhyphallus) (1) 

1 

1 

Pfdebia (1) 

1 

1 

Pholiota (6) 

7 

5 

Pleurotus (5) 

5 

0 

Polyporus (83) 

91 

62 

Poria (29) 

32 

17 

Ptychogasterm (2) 

3 

0 

Radulum (1) 

1 

1 

SchizophyUu (1) 

1 

1 

Sparassis (1) 

1 

1 

Stereum (21) 

27 

. 20 

Trametes (11) 

11 

6 
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In addition to the 190 mentioned above, a substantial number 
was estimated to have on the basal medium from one-fifth to one- 
quarter the amount of growth observed on 2 per cent malt agar. 

We had expected that some of the species would grow poorly 
on the basal medium but we had not anticipated that nearly three- 
quarters of the 281 species surveyed would find it so unsatisfactory. 
Many fungi grow very well on this medium. 

To define somewhat'more definitely the cause of the poor growth 
on the basal medium, two genera were selected for further investi¬ 
gation: the 62 isolations (56 species) of Polyporus which grew 
very poorly on the basal medium, and the 20 isolations (17 species) 
of Pomes, Each of the isolations was grown on five media pre¬ 
pared with purified agar as follows: 2 per cent malt extract, the 
basal medium, the basal medium supplemented with a vitamin mix¬ 
ture,® with 625 mg. of vitamin-free casein hydrolysate per 1. and 
with both the vitamin mixture and the casein hydrolysate. Ob¬ 
servations on the relative growth of each fungus on the various 
media were made at intervals and final observations were made 
after one month. 

Of the 56 species of Polyporus, 40 responded markedly to the 
addition of vitamins to the basal medium; the growth of 13 of the 
17 species of Pomes was markedly improved by the addition of 
vitamins to the basal medium (fig. 1, A). It appeared, there¬ 
fore, that nearly three-quarters of the 73 species of Polyporus and 
Pomes investigated grew poorly on the basal medium chiefly be¬ 
cause of heterotrophism for one or more of the vitamins included 
in our vitamin mixture. Conversely, the superiority of malt ex¬ 
tract agar for these species was primarily because of the vitamin 
content of the malt. However, although growth on the basal 
medium supplemented with vitamins was quite satisfactory, few 
of the fungi developed as rapidly on the synthetic medium as they 
did on 2 per cent malt extract agar. On the other hand, the 
growth of some species after one month on the synthetic medium 
exceeded that on 2 per cent malt extract. Vitamins improved the 
growth of some of the remaining 20 species but the improvement 

•The Vitamin mixture contained thiamine, riboflavin, pyridoxine, niacin, 
para-aminobenzoic acid, pantothenic acid, guanine, hypoxanthine, i-inositol, 
2-methyl-l, 4 naphthohydroxyquinone, biotin ai^ pimelic acid. 




Fig 1. Fungi grown 3S days on 1. basal medium; 2, plus vitamin mixture; 
3, plus casein hydrolysate; 4, plus both vitamin mixture 
sate; S, on 2 per cent malt extract. A, Polyporus dtstorm 
Pomes pomaceus No. 2283; C. PolyPorus squamosus No. 39296, D, Poly- 
horus immitus No. 71384. 
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was not great. Their growth on a vitamin-supplemented medium 
was limited by some other factor. 

A few of the 20 species which grew poorly on the medium sup¬ 
plemented with vitamins grew quite well on the basal medium to 
which casein hydrolysate was added (fig. 1, B). For these species 
asparagine appeared to be a poor source of nitrogen and the con¬ 
stituents of casein hydrolysate or products (ammonia, for exam- 
^ple) formed therefrom were more satisfactory. Some in this group 
grew quite satisfactorily when NH4NO3 was substituted for casein 
hydrolysate and asparagine; for others NH4NO3 did not replace 
casein hydrolysate. 

There were also some species which did poorly on the medium 
supplemented with vitamins and on that to which casein hydroly¬ 
sate was added but grew quite well when both vitamins and casein 
hydrolysate were included (fig. 1, C). These species not only 
found asparagine unsatisfactory for growth but suffered from 
vitamin deficiencies as well. 

A few grew quite poorly on all the media except the 2 per cent 
malt extract (fig. 1, D). The superiority of 2 per cent malt 
extract as compared to our basal medium supplemented with vita¬ 
mins and casein hydrolysate for these species might be ascribed 
to the lower osmotic pressure of the malt extract medium,* to the 
presence in the basal medium of injurious material or to the pres¬ 
ence in malt of unidentified essential metabqlites not included in 
our vitamin mixture or in casein hydrolysate. 

Further investigation is desirable to define the vitamin require¬ 
ments of these fungi, to determine the reason for the beneficial 
effect of casein hydrolysate, and to learn why malt extract was in 
some instances so superior to our basal medium supplemented with 
vitamins and casein hydrolysate. ^Judging from the results ob¬ 
tained with Polyporus and Fom^, a study of nutrient requirements 
might well be* extended to other genera of the Basfdiomycetes 
which grow well on a natural medium but poorly on a basal syn- 
j thetic medium and to those which have not been successfully culti¬ 
vated on laboratory media (5). 

* The osmotic pressure of 2 per cent malt extract would probably be less 
than % that of our basal medium which contained 5 per cent dextrose. 
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STEMPHYLIUM LEAF SPOT OF CHINA 

ASTER 

Kenneth F. Baker and Lily H. Davis 
(with 2 figures) 

Commercial cut-flower plantings of China aster [Callistephus 
chincnsis (L.) Nees.j near Redondo Beach, California, were found 
( 4 ) in August, 1946, to sustain serious localized losses from a 
previously unreported Stemphylium leaf spot. The most severe 
losses occurred in low pockets of fields irrigated by frequent over¬ 
head sprinkling; the areas were shielded from the wind by sur¬ 
rounding low hills. There was a progressive increase in the 
prevalence and severity of the disease downward from the tops of 
the slopes. In other fields the damage occurred in areas protected 
by wind-breaks. In such sheltered places the plants remained 
moist for long periods following irrigation, and infection was thus 
favored. 

A high inoculum potential of Fusarium oxysporum f. callistephi 
(Beach) Snyd. et Hans, has been developed in the more desirable 
level land by repeated aster plantings, making it necessary to grow 
the locally selected wilt-susceptible types on virgin hill slopes. 
This in turn has necessitated sprinkling rather than ditch irriga¬ 
tion, and has provided the conditions favorable for the leaf spot. 

This paper presents details of the life history of Stemphylium 
callistephi and of the disease it causes. 

SYMPTOMS 

The fungus causes a conspicuous spotting of leaves, bracts, and 
sometimes petals and stems. Young leaf spots are brown and 
nearly circular. As they enlarge, the area surrounding the origi¬ 
nal brown spot becomes lighter in color, although the advancing 
margin remains dark; this gives large spots a concentrically zonate 
appearance (fig. 1, A, B). The lesions are 1-10 mm. in diameter, 
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and they may coalesce to form irregular areas which sometimes 
become so large as to kill the leaf. Under moist field conditions 
the centers of the spots have dark spore masses, particularly on 
the undersurfaces. The dead centers of leaf spots may crack and 
drop out. Severely affected plants may have so many dead leaves 
as to obscure the fact that a leaf-spot disease is involved. 



Fig. 1. Stemphylium leaf spot of China aster. A, Naturally infected 
leaves from commercial flower fields. B, Leave^ioculated by atomizing 
with spores in greenhouse; photographed 15 days IPb^vinociflation. 
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Bracts of the flower head often have many spots similar to those 
on leaves, and petals may develop brown areas that eventually 
cause shrivelling. The lesions on flower parts and on leaves render 
the cut flowers unsalable and specimens without visible infections 
commonly decay under moist shipping conditions. Shippers, there¬ 
fore, often refuse to buy asters from a planting known to be infected. 

There are several foliage diseases of China aster in this country 
from which this leaf spot should be distinguished. A leaf spot 
caused by Septoria callistephi Gloyer (7), once important in New 
York, seems to have become rare in the last two decades, and one 
caused by Ascochyta asteris Gloyer (5) is also now uncommon. 
The spots caused by these fungi have small dark pycnidia which 
distinguish them from lesions caused by Stemphylium, The leaf 
blight caused by Rhizoctonia solani Kiihn is largely restricted to 
the basal rosette, and coarse strands of mycelium are seen on the 
surface of decayed leaves (10). Leaf rust [Coleosporium soli-- 
daginis (Schw.) Thiim.] is easily distinguished by the golden sori 
on the undersurfaces of the leaves, but the pustules may be killed 
and enlarged by secondary fungi that produce a distinct spot. A 
downy mildew (Basidiophora entospora R. & C.), reported in 
Texas (1), can be recognized by downy sporulation on the leaf 
undersurfaces. Foliar nematode (Aphelenchoides jragariae R. 
Bos) in aster leaves occasionally produces brown lesions sharply 
limited by the veins. The spotted-wilt virus commonly produces 
irregular tan blotches in the leaves, and these may show concentric 
ring patterns; involucral bracts and young apical leaves often show 
a mosaic-like mottling that differentiates the trouble from Stem¬ 
phylium leaf spot. 


THE PATHOGEN 

The fungus constantly associated with the disease was an appar¬ 
ently undescribed species of Stemphylium of the Eustemphylium 
type. Conidia are formed on the host only under moist conditions. 
The conidiophores are brown, septate, %37-134 X 6-11 (average 
71 X 8)/i, borne singly or rarely in fascicles of 2 to 3; in cultures 
and under extremely moist conditions, they may reach a length of 
175 fx. The bases are slightly swollen and the distal ends are 
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Fig. 2. Camera lucida drawings of Siemphyliutn callistephi n. sp. from 
leaves of China aster. A, Conidiophores and conidia. B, Detail of swollen 
tip of conidiophore. Mycelial fragment at right continuing growth. C, Co¬ 
nidia in various stages of germination.. D, Aster seedlings with iitfections of 
cotyledons from infested seed. E, Infection of aster leaf showing formation 
of sub-stomatal enlargements. Epidermis stripped off and stained with lacto- 
phenol cotton blue. 
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bulbous, with a diameter of 10-17 (average 13)/*. After a mature 
•conidium is shed, growth frequently continues through the apex of 
the conidiophore, causing a series of successive swellings that ap¬ 
pear darker because of the double wall (fig. 2, A, B). Branching 
of the conidiophore was not observed on the host and is not com¬ 
mon in culture; when it does occur, it is near the base. The brown 
muriform conidia are borne singly, have relatively smooth walls, 
are oblong to obclavate and have a subacute to conical distal end. 
There are 3 to 10 (commonly S to 6) cross septa; the two major 
ones usually deeply constricted (fig. 2, A). The longitudinal 
septa vary in number with the age of the spore. The conidia usu¬ 
ally fall within the range pf 26-67 X 15-30 (average 47 X 23)/* 
but may attain a length of 72 /* under moist conditions; in culture 
they are generally longer and narrower than on the host. 

The fungus grows well on potato-dextrose agar and at room 
temperature a single-spore transplant reaches a diameter of 3 cm. 
in 5 days. At first a mat of hyaline wavy mycelium is formed; 
later, dark-green aerial hyphae and masses of dark spores develop 
in the center of the colony. The underside of the culture is nearly 
black. When cultures are kept for several months, the surface 
growth becomes cottony and gray, with white sectors of sterile 
mycelium. Sporulation, however, is typical and abundant when 
the cultures are placed outdoors on a north window ledge. 

Although mycelial knots are common in old cultures, no ascig- 
erous stage was observed in colonies on potato-dextrose agar or 
water agar plus cold-sterilized ground aster stems, either in the 
laboratory or under fluctuating outdoor temperatures. 

The fungus was reported previously by us (4) to be 5*. botryo- 
sum Wallr. as. defined by Neergaard (8) and Wiltshire (12). 
After examination of our specimens, Dr. S. P. Wiltshire ^ con¬ 
cluded that it was not that species because: (£f) no ascigerous stage 
was produced, whereas Pleospora herbarum (Pers.) Rabenh. is 
commonly formed by S, botryosum; (b) tonidial walls were 
smoother than those of S. botryosum; (c) numerous spores had 
two major, rather than one median, cross walls; (d) many spores 
had a bluntly tapering apex not seen in the rectangular to roundish- 

1 Letters of November 25, 1947 and February 22, 1949. 
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square conidia of 5*. botryosum; (e) spores were more elongated 
and larger than those of 5*. botryosum. Dr. P. Neergaard * inde¬ 
pendently confirmed this conclusion. It was pointed out by Dr. 
Wiltshire ^ that the spores of this fungus resembled those of 
Macrosporium nigricantium Atk. from cotton (2, p. 62; 3, p. 17; 
fig. 4 of pi. 1) in the pointed apices and relatively smooth walls; 
they differed in having two, rather than one, major cross walls, 
and in the larger spore size. Following comparative studies of 
our fungus with several exsiccati of M. nigricantium, he suggested 
that the aster pathogen be described as a new species. 

Young plants of an American Upland cotton {Gossypium hirsu- 
turn L.) ® remained healthy following inoculation with the fungus 
during glasshouse tests in which asters became infected. No cul¬ 
tures of M, nigricantium were available for reciprocal inoculations. 

Because of these various lines of evidence the fungus is regarded 
as new, and is here described. 

Stemphylium callistephi sp. novl 

MacuHs brtinneis, circinato-striatis, subcircularibus, 1-10 mm. in diam., 
postea in areas magnas coalescentibus, fructificatione praecipue hypophylla; 
conidiophoris fuscis, septatis, non ramosis, in substratum singulatim aut raro 
in fascicules 2-3 congestis, 37-134 X 6-11 /*, inaequalibus, basibus crassiusculis, 
interdum articulatis fuscis, apice bullato; conidiis acrogenis, solitariis, brun- 
neis, oblongis ad obclavatis, basi rotunda aut subtruncata, apice subacuto aut 
conico, plerumque 3-10 (medio 5-6) septato-muriformibus, ad 2 septa majora 
constrictis, septis longitudinalibus in numero variabilibus, 27-67 X 15-30 m. 

Habit in living leaves, bracts, and flowers of Callistephus chinen- 
sis Nees. near Redondo Beach, California, August 16, 1946. 

Specimens of Stemphylium callistephi have been deposited in the 
following herbaria; Department of Botany, University of California, 
Berkeley; Division of Plant Pathology, University of California, 
Los Angeles; Department of Plant Pathology, Cornell University, 
Ithaca, New York; Farlow Herbarium, Harvard University, Cam¬ 
bridge, Massachusetts; Division of Mycology and Disease Survey, 
Plant Industry Station, Beltsville, Maryland; Commonwealth My- 
cological Institute, Kew, England; Phytopathological Laboratory, 
J. E. Olsens Enke, Copenhagen, Denmark. 

* L^ter of December 4, 1947. 

• Seed was kindly supplied by Dr. G. M.^Arnu||on^^ 
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There have been few other reports of Stemphylium, Alternaria, 
and Macrosporium on China aster. Stemphylium hotryosum was 
reported on seed in Denmark (8), but pathogenicity on this host 
was not demonstrated. Pleospora herbarum and an Alternaria sp. 
were reported (5) to cause seedling blight of China aster in New 
York under excessively wet conditions. Alternaria zinniae Pape and 
A, tenuis auct. sensu str. also have been reported on this host by 
Neergaard (8). Macrosporium florigenum Ell. & Dear, was col¬ 
lected on China aster flower heads in London, Canada, in Septem¬ 
ber, 1891 (J. Dearness No. 3097) and August, 1892. M. cauda- 
turn C. et E. also was collected in flower heads of China aster at 
the same place in October, 1891 (J. Dearness No. 816b). We 
have examined specimens of these Canadian collections and found 
the fungus to be a long-beaked Alternaria. Apparently, there is 
no previous record of a Stemphylium pathogenic to this host. 

LIFE HISTORY 

Single-spore cultures were made from dilution plates of spores 
produced on the leaf spots and pathogenicity was demonstrated by 
atomizing healthy China aster plants in the glasshouse with a 
suspension of spores from pure cultures. The plants were held 
under high humidity for 2 days. Typical leaf spots began to 
appear 5 days after inoculation (fig. 1, B). 

Parasitic relations with the host were not established unless the 
atomized plants were kept moist for 48 hours; this unusually ex¬ 
tended infection period was investigated. Conidia, germinated on 
water agar and on aster leaves floated on 2 per cent sucrose in petri 
dishes, were examined after various intervals. During the first 24 
hours the spores swelled conspicuously and irregularly split the 
outcfr wall (fig. 2, C, E). Germ tubes appeared after 27 hours 
at laboratory temperatures and grew over the surface of the leaf. 
Spores from extremely moist cultures were swollen and ii:regular; 
they germinated in only 2 hours without the swelling process ex¬ 
hibited by spores grown under dry conditions. After 52 hours, 5 of 
18 germ tubes of spores examined in one series had entered stomata 
and formed characteristic, swollen, branched, sub-stomatal structures 
(fig. 2, E). As with 5*. botryosum on sainfoin (6), no direct 
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cuticular penetration by germ tubes from spores was observed. It 
may occur under some conditions, however, as has been reported 
for S. botryosum on alfalfa and red clover (9) and 5*. solani Weber 
on tomato (11). Penetration between epidermal cells by germinat¬ 
ing bits of mycelium was observed after 24 hours. Injuries are not 
necessary for infection. After the surrounding host cells have been 
killed, the sub-stomatal enlargements give rise to mycelia which 
penetrate intercellularly through tissue, killing the cells as they 
advance. 

The prolonged incubation period of this fungus explains the 
limitation of infection in the field to low areas that remain moist 
for long periods because of protection from drying wind. 

Seed Transmission, Because of the copious sporulation on 
flower heads conidia probably adhere to the seed. It is also prob¬ 
able that the fungus grows from a petal spot through the tissue 
and penetrates the attached seed, producing internal infection. 

External transmission and seedling infection was demonstrated 
experimentally. Aster seed was surface sterilized with sodium 
hypochlorite, dried, dipped in a suspension of Stemphylium spores, 
and again dried; numerous conidia were caught in the bristles of 
the seed, even in those truncated by commercial cleaning opera¬ 
tions. Such infested seed was planted in sterile black peat where 
the conidia germinated and mycelium grew on the coats, sporulat- 
ing copiously by the time the seedlings emerged. Because of the 
epigeal germination of aster seed, the conidia produced on the coat 
can be carried by air currents and spattering water to the hypo- 
cotyl and to adjacent seedlings. When the coat remains on the 
cotyledons (fig. 2, D), direct infection by mycelial growth may 
occur. Infections develop on the hypocotyl as chestnut brown 
streaks and pin-point lesions. The cotyledons are frequently in¬ 
fected and either develop numerous spots or decay and kill the 
growing point (fig. 2, D) ; conspicuous sporulation then occurs. 

The cut-flower growers in the Redondo Beach area produce a 
number of locally developed varieties and save the ifced from plants 
selected in the fields, a situation that undoubtedly accounts for per¬ 
petuation of the pathogen. Carryover in soil or refuse is less 
important because rotation is practi<i|||- to reduce loss from 
Fusarium wilt. 
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Commercial aster seed fields in California were carefully exam¬ 
ined for this disease but it was not found. As these fields are 
ditch irrigated, such freedom from the pathogen would be expected. 
It is possible that with overhead sprinkling or a wet summer, the 
fungus would infest and be disseminated with commercial seed. 
Under the rainy conditions and cloth-house florist culture practiced 
in the eastern states, the disease might become important if intro¬ 
duced there. 


CONTROL 

Because the disease is restricted to areas having little air move¬ 
ment, control under the semi-arid southern California conditions is 
relatively simple. Planting in low protected areas is to be avoided, 
and ditch rather than overhead irrigation should be practiced. If 
the disease becomes established in more humid areas, further meas¬ 
ures such as seed treatment or fungicidal sprays might become 
necessary. 


SUMMARY 

Stemphylium callistephi n. sp. is described. It caused a pre¬ 
viously unreported leaf spot of China aster in 1946 in cut-flower 
fields of southern California,'* 

For the fungus to sporulate on the host, a prolonged period of 
high humidity is required. The foliage must be wet for 48 hours 
for infection to occur. This prolonged incubation period restricts 
the disease to low sheltered areas in fields where overhead irriga¬ 
tion is practiced. Control is possible by avoiding such areas and 
by practicing ditch irrigation. 

Seed transmission of the pathogen was experimentally demon¬ 
strated. 

Division of Plant Pathology, 

University of California, 

Los Angeles, California " 

*The disease was found in several commercial aster fields in San Mateo 
and Santa Clara Counties of central California in March, 1950. It occurred 
in open fields and cloth houses, particularly the latter, under conditions of 
excessively heavy irrigation. 
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THE GENUS TILLETIOPSIS ‘ 

George Nyland=* 

(with 5 figures) 

In making isolations from leaves of various plants using the 
spore-fall method, many cultures of a fungus identified as Title- 
tiopsis Derx were obtained along with those of species of Sporo- 
bolomyces (3). Macroscopically the two genera can be distin¬ 
guished by the white or cream color of the colonies of Tilletiopsis 
in contrast to the salmon or pink color of the colonies of Sporo- 
bolomyces. In figure 1 is shown the appearance of the colonies 
on malt agar plates formed as a result of ballistospores being forci¬ 
bly discharged from the surface of leaves affixed to the inside of 
petri dish covers. In most cases, the colonies of Sporobolomyces 
were in the majority, but those of Tilletiopsis were usually present 
in considerable numbers. 

At least two species of Tilletiopsis were isolated in this manner 
from leaves of 28 different hosts, including vegetables, common 
weeds, and several species of deciduous trees, during the summer 
of 1947. The same two species were isolated again from a dead 
leaf of Acer macrophyllum Pursh collected in February, 1948, near 
Kent, Washington, by G. W. Fischer. 

Derx (1), who first described fungi of this type in 1930, provi¬ 
sionally suggested the name Tilletiopsis because of their resem¬ 
blance, morphologically, to certain species of Tilletia, He desig¬ 
nated, by numbers, five strains or isolates which, according to him, 
were readily distinguishable on the basis of spore size. The spore 
sizes of his five strains were, respectively, 9x2/a; 7 X 1.6 jit; 
15 X 2 jui; 13.4 X 2.3 fi; and 12 X 3 /t. The two species isolated by 
the writer have spores averaging 9 X 1.8 /t and 14 X 2,4 fi. There 

1 Published as Scientific Paper No. 888, Agricultural Experiment Stations, 
Institute of Agricultural Sciences, State College of Washington, Pullman. 

2 Instructor and Junior Plant Pathologist, University of California, College 
of Agriculture, Davis, California. 
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is probably no significant difference in spore size between the 
writer's small-spored species and Derx's strain 1. Neither does 
there seem to be significant difference between the writer's large- 
spored species and Derx's strains 3 and 4. 

Recently Derx (2) validated the genus Tilletiopsis, giving a brief 
Latin description, and designating his strain 4 as the type species 
for the genus. This strain is no longer available at the '‘Centraal- 
bureau,” so further comparison with the writer's large-spored spe¬ 
cies was not possible. Since only spore size distinguishes Derx's 
strains, and since his strain 4 is comparable to the writer's large- 
spored species, they are considered to be the same. The name 
Tilletiopsis washingtonensis is proposed and considered to be the 
type species for the genus. For the writer's small-spored species, 
the name Tilletiopsis minor is proposed. 

For convenience, Derx's genus description (2) is repeated here: 

Tilletiopsis Derx. 

Mycelium hyalinum, septatum, repens, sterigmata in aera ascendentia 
formans. Sporae solitariae, falcatae, leves, hyalinae. 

Species typica: Tilletiopsis spec. No. 4 Derx. 

Tilletiopsis washingtonensis sp. nov. 

Ballistosporae quae denuo gemmandeque repetitione generant, flexae, falci 
similes, hyalinae 8-19 X 2-2.6/*, circa 14 X 2.4/*, non mediae in sterigmatibus 
aut e ballistosporis aut e mycelio ascendentia generatae. Cellae filiformatae 
gemmatae, 19-34x2-3/*; quae similis fermento cultura consistunt. Cellae 
myceliales inflatae et chlamydosporae in veteris culturae, praesertim si sub¬ 
stratum siccavit. Chlamydosporae hyalinae, 12-15/* linea media, plerumque 
globosae, sive tempestivae, sive solae sive in serie. Culturae in hordeo- 
gelidio corneo sive candidus sive subflavus colore, ut colore subflavus aut 
luridus manet. 

Hab.: Superficies foliorum herbarum multarum, vivarum aut mortuarum, 
vicinia Puyallupi, Washington!, aestate, 1947. Typus est A. S. 20240.® 

Ballistospores reproducing by budding and by repetition, curved, 
sickle-shaped, hyaline 8-19 X f-2.6/i, average 14x2.4 /a, pro¬ 
duced eccentrically on sterigmata which arise either from other 
ballistospores or from the mycelium. Budded cells filiform, 19-34 
X 2-3 /i ; forming a yeast-Kke colony. Inflated bjycelial cells and 
chlamydospores present in old cultures, especially if dehydration 
of substratum has occurred. Chlamydospores hyaline, 12-15 ft in 

• Type material deposited in the Mycological Herbarium, Plant Pathology 
Department, State College of Washington, ^Iman, ^Washington. A. S. 
numbers refer to the accession series of thatSi^barium. 
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diameter, usually globose when mature, solitary or in chains. 
Colony on malt agar white to cream in color, soft, cheesy con¬ 
sistency when young, becoming firmer with age, color remaining 
ivory to light tan. 

Habitat: Surface of leaves of many hosts, living or dead, in 
vicinity of Puyallup, Washington, summer, 1947. 

Tilletiopsis minor sp. nov. 

Ballistosporae denuo gemmandeque repetitione generant, hyalinae, flexae, 
5.8-14 X 1.5-2 A*, circa 9 X 1.8 m. Cellae filiformatae gemmatae, directae, 
plerumque aliquantum ballistosporis. Ballistosporae non mediae ad sterig- 



Fig. 1. Tilletiopsis spp. and Sporobolomyces sp. A. Pattern of colonics 
originating from fragments of living leaves of Phaseolus vulgaris attached to 
inside cover of malt agar plate. B. Colonics originating from Hubbard 
Squash leaves. C. From Sweet Corn. D. From Washington variety of 
Red Raspberry. 
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mata figetae, sterigmata sive e mycelto sive e ballistosporis aliis sive e cellis 
gemmantis ascendunt. Mycelium plerumque molle, septatum, hyalinum sive 
novellum scd fusciore sive tcmpestivum, columae grandiores lentae ct chlamy- 
dosporae formatae in mycelio, terminal aut intercalary, hyalinae 7-15 M linea 
media, sive globosae sive clavatae aut obovatae, sive solae sive in serie. 

Hab.: Superficies foliorum herbarum multarum, vivarum aut mortuarum, 
vicinia Puyallupi, Washingtoni, aestate, 1947. Typus est A. S. 19961.8 



Fig. 2. Tilletiopsis washingtonensis. A, Photomicrograph of ballisto- 
spores and budded cells showing uninucleate conditio B. Camera lucida 
drawing of ballistospores. C. Budded cells, and D. dpKnydosj^res showing 
variation in size. A, approx. X 800. B, C, D, apjfrfi^’^ 50(k. 






Nyland: The Genus Tilletiopsis 


491 


Ballistospores reproduce by budding and by repetition, hyaline, 
curved, 5.^14 X 1.5-2 /a, average 9x Budded cells fili¬ 

form, straight, usually somewhat larger than the ballistospores. 
Ballistospores attached to sterigmata eccentrically, sterigmata arise 
either from the mycelium or from other ballistospores or budded 
cells. Mycelium mostly delicate, septate, hyaline when young but 
becoming darker with age, older colonies tough and cartilaginous. 
Chlamydospores formed on mycelium, terminal or intercalary, 
hyaline 7-15 diameter, varying from globose to clavate or obo- 
vate, produced singly or in chains. 

Habitat: Surface of leaves of many hosts, living and dead, in 
vicinity of Puyallup, Washington, summer, 1947. 

This species differs from T. washingtonensis by its smaller bal¬ 
listospores, darker colony color, and the cartilaginous consistency 
of the colony. 

The nuclear condition of the ballistospores of T. washingtonensis 
and r. minor was investigated. The ballistospores and vegetative 
budded cells proved to be uninucleate (fig. 2, A). The chlamydo¬ 
spores (fig. 2, D; 4, B) proved difficult to stain, but in those 
observed there appeared to be a single nucleus. These were very 
likely fully matured spores, since they were obtained from an old, 
dehydrated slant culture. Whether or not a binucleate stage 
occurs in young chlamydospores has not been determined. 

The general description given by Derx (1) of these fungi has 
been essentially confirmed. He reported them as having a deli¬ 
cate, branched, mycelium which eventually formed felted, coherent, 
cartilaginous masses at first white or tan in color, later becoming 
light to dark brown, the intensity varying among the different 
isolates. The fine mycelium gave rise to sterigmata on which were 
borne pitted, curved, sickle-shaped ballistospores which were forci¬ 
bly discharged at maturity in the same manner as those of 
Sporobolomyces, 

Derx does not mention having observed the ballistospores of his 
isolates of Tilletiopsis budding. In both T. washingtonensis and 
T. minor the ballistospores of fresh isolates bud profusely, forming 
yeast-like colonies with little or no mycelium present. As the col¬ 
onies become older, more and more mycelium is evident. Trans¬ 
fers from young newly isolated colonies yield only the yeasty, bud¬ 
ding type (fig. 3, A). However, transfers from older colonies 



Fio. 3. Tilletiopiis minor. A. Mucous or buddiiur^pe colony. Approx. 
X3(X). B. Mycelial type colony. Approx. X 300s.^^listospores can be 
seen lying on the agar and also attached to mycelitlj^^th colonies origi¬ 
nated as single spores from the.same monosporic 'jiubrav 
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falcate 

(fig. 2, B, C). It IS possible that Derx made his observations 



Fig. 4. TUletiopsis uwMngtonensis. A. Swollen hyphal cells in earlv 

T”’" chlamyHospores. Approx 

X 1000. C Chlamydospores germinating on water agir. Approx X 600 
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Fig. 5, Entyloma compositarum, A. Germinating chlamydospores from 
Bratmeria purpurea coll, near Janesville, Wise., C, G. Shaw and H. C. 
Greene 7l2Z/4t7, B. Germinating chlamydospores ^rom Heiracium cyno- 
glossoides var. medicaule coll. Mt. Shasta, W. B. Qi^ic 7/10/47. 
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using old cultures and therefore failed to observe the budding phase 
characteristic of freshly isolated colonies. 

Derx also makes no mention of chlamydospores formed on the 
mycelium (fig. 4). Chlamydospores were observed in old, some¬ 
what dehydrated cultures of both T. washingtonensis and T. minor. 
They were usually found in greater abundance in cultures of T, 
washingtonensis than in those of T. minor. The chlamydospores 
bear a striking resemblance to those found in cultures of Entyloma 
compositarum, both as to size and general appearance. The chlamy¬ 
dospores of T. washingtonensis and those of E, compositarum were 
compared as to their method of germination. Considerable differ¬ 
ence was readily apparent, but there were also certain similarities 
noted. 

At room temperature on water agar, chlamydospores of E, com¬ 
positarum germinated by forming a germ tube which gave rise to 
several branches (fig. 5). Hyphal fusions between these branches 
occurred, and when the germinating spores were transferred to 
malt agar, continued growth resulted in the formation of mycelial 
colonies. Within a week to ten days, typical ballistospores (co- 
nidia) were produced and forcibly discharged. Chlamydospores 
were formed in the mycelium and were indistinguishable from 
those formed in the host. 

The chlamydospores of Tilletiopsis washingtonensis germinated 
by producing a mycelium consisting of much branched or budded 
vegetative cells (fig. 4, C). No hyphal fusions, such as occurred 
in E, compositarum, were noticed. However, as in the case of 
E. compositarum, ballistospores were produced from the mycelium 
within ten days. Somewhat later, chlamydospores were observed 
in the mycelium. 

Tilletiopsis in culture closely resembles colonies of certain species 
of Ustilago, Tilletia, and Entyloma. In fact, there is sufficient 
morphological similarity between Tilletiopsis and Entyloma to en¬ 
tertain the thought that they might be identical. However, the fact 
that Tilletiopsis was isolated from the surface of apparently healthy 
leaves of 28 unrelated hosts, and even from a dead, fallen leaf of 
one host during mid-winter, is considered good circumstantial evi¬ 
dence that these fungi are not species of Entyloma, 
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Not only were they present on almost every host collected, but 
they were present in abundance. Nevertheless, there is nothing to 
preclude the possibility that certain species of Entyloma might be 
able to develop saprobically on the surface of leaves of immune 
plants. A distinct difference between Entyloma and Tilletiopsis in 
culture is that the ballistospores of Entyloma do not bud in a 
yeast-like manner. In the two species of Tilletiopsis isolated by 
<he writer, this budding of the ballistospores resulted in the forma¬ 
tion of mucous, yeast-like colonies consisting of filiform cells. 

Since species of Tilletiopsis have not been proved parasitic, they 
could hardly be classified as Ustilaginales under the present con¬ 
cept of that order. Their resemblance to Entyloma suggests the 
possibility that they may represent non-parasitic forms of the 
“white” smuts. Taken as a related group, Sporobolomyces, Spo- 
ridiobolus, Itersonilia, and Tilletiopsis, may be remnants of fungi 
that were the progenitors of the Ustilaginales. Extensive inocula¬ 
tion experiments might prove them parasitic, in addition to their 
being free-living saprophytes. 

Lack of parasitism alone is hardly sufficient reason for excluding 
Tilletiopsis from the Ustilaginales, in the opinion of the writer. 
However, a great deal more work is necessary with this group to 
obtain a complete picture of the nuclear history and life cycle 
before further classification is attempted. 

Cytological work with Tilletiopsis is currently in progress by 
V. M. Cutter, Jr., at Yale University.* 

Division of Plant Pathology, 

State College of Washington, 

PuLi,MAN, Washington 
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A STUDY OF PEZIZA BRONCA PECK* 


Bessie B. Kanouse 
(with 6 figures) 

Peziza bronca Peck is a North American species of the Disco- 
mycetes about which but little has been reported. It was first col¬ 
lected by Dr. Peck in New York and was described by him in 1875. 

In the summer of 1948 Dr. A. H. Smith and members of his 
collecting party made twenty-one excellent collections of a Disco- 
mycete in Mt. Rainier National Park, Washington, that corre¬ 
sponded in many respects to Peck’s description of P. bronca. In 
addition to these collections the writer had six made elsewhere in 
the United States that were like the fungus from Mt. Rainier. 
One collection was made by F. B. Cotner in Colorado, two were 
made in Wyoming by the writer and three were made in Michigan 
by A. H. Smith. There were important features in these speci¬ 
mens pertaining to the spores and paraphyses that were not men¬ 
tioned by Peck (1875) or by Seaver (1928) who placed the species 
in the genus Geopyxis, Through the kindness of Dr. Homer D. 
House, New York State Museum, Albany, New York, a loan of 
the type collection of P. bronca was obtained. A comparative 
study was then made, the results of which showed that the hereto¬ 
fore unreported conditions found in the spores and paraphyses of 
our specimens were found also in the type specimens. Thus was 
established the fact that all of our collections should be considered 
P. bronca. 

An emended description of the species is given to incorporate 
the new data. Since the morphology of the species allies it closely 
with other species of Pustularia, a transfer to that genus is 
proposed. 

Pustularia bronca (Pk.) Kanouse comb. nov. Figs. 1-6 

Apothecia sessile, sometimes arising from a basal mass of com¬ 
pact hyphae soil and debris, single or in groups 2-3,^ deep cup- 

♦Papers from the University Herbarium of the University of 
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shaped or, if in groups, flattened irregularly by mutual pressure, 
1-3.5 cm. in diameter, 0.5-1.5 cm. in depth, fleshy, more or less 
fragile on drying, gray, pallid to creamy, occasionally with tints 
of deep olive buff throughout when fresh, drying clay color out¬ 
side, cinnamon buff to pale yellow inside, margin crenulate; hypo- 
thecium pseudoprosench 3 miatic, composed of septate hyphae that 
are branched, densely interwoven, more or less parallel to the 
hymenium, becoming pseudoparenchymatic toward the outside, 
forming an excipular layer, excipular cells large, subglobose to 
hexagonal in shape, thick-walled, the outermost layers giving rise 
to the aggregations of cells which form the pustules on the outer 
surface, pustules large and thickly set on the upper surface of the 
apothecia, less frequent below, hairs not present; 2 sizes of asci 
present, the large ones cylindric, 275-350 X 14-16 /x; the small 



Fig. 1. Pustularia bronca, Apothecia % nat. size. 


ones 250 X 12-14 /x, both sizes 8-spored and giving no blue colora¬ 
tion in iodine solution; spores of two sizes in separate asci, large 
spores in large asci 20-24 X 12-14 /x, elliptical, smooth, hyaline, 
with one or more (frequently 2) large oil globules, usually with 
a few small ones, uniseriate, frequently slightly overlapping in the 
asci, small spores in small asci 12--14 X 8-9 /x, elliptical, smooth, 
hyaline, with 2 distinct oil globules; paraphyses various, of two 
distinct types, one simple, forked below the middle usually but 
once, with clavate apices, hyaline, septate; the second type showing 
various types of irregular thickenings and branching including 
those with simple bends to knobbed irregularities to fine antler-like 
apical branching, hyaline, septate, usually extending beyond the 
asci and frequently adhering in bunchesi 

Material studied: Pesiza bronca Peck, type cal^tion, coll. C. H. Peck^j 
New York; Michigan, A. H. Smith nos. col. F. B. 
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Cotner, 1920; Wyo., B. B. Kanouse, Aug. 27 and Sept. 1923; Mt, Rainier 
Nat. Park, Wash., A. H. Smith nos. 28922, 29296, 29344, 29880, 29533, 28884, 
29614, 29470, 29608, 29285, 34277; Mt. Rainier National Park. Wash., H. A. 
Imshaug nos. 764, 757, 825, 1035, 1093, 1230; E. G. Simmons, same locality, 
nos. 1689, 1853, 2117, 1849, 

DISCUSSION 

The gross morphology of all of the specimens examined was 
surprisingly uniform. The sessile, deep, cup-like apothecia with 
warty-rough exterior and crenulate margin; the gray to pallid 
color (fresh) becoming tinted yellowish inside (dry) make the 
species distinctive. But it is the microscopic morphological char¬ 
acters that make this species unique. Two unusual features in 
the structure of the hymenium that were observed were a condition 
of heterospory and the presence of two types of paraphyses. 

The heterosporous condition was found in all of the 29 collec¬ 
tions. In many of the asci in the apothecia examined the spores 
were exactly as Peck reported them; elliptical, smooth, hyaline, 
20-24 X 12-13 /A, containing 1 or 2 oil globules. These spores 
were uniform in size and shape and the asci were 8-spored. There 
was no evidence that either the spores or the asci were abnormal. 
In microscopic mounts taken from a single apothecium in which 
these large spores were seen, there w^ere also other 8-spored asci 
in which the spores were decidedly smaller. These also appeared 
to be normal, fully developed spores and from any observable cri¬ 
teria could not be called immature. These spores were elliptical, 
smooth, hyaline, and measured but 12-14 (rarely 16) X 8-9/a, and 
contained 2 distinct oil globules. No asci were observed in which 
there was a mixture of the two sizes of spores. In all of the 
apothecia there was a greater proportion of the large spores than 
of the small ones, yet in many mounts the small spores were present 
in such numbers as to be definitely conspicuous. As stated above 
this heterosporous condition was present in the type material. 
There were fewer small spores in the type than in most apothecia 
studied. The significant fact is that they were found in the type 
collection along with the kind of spores that were reported origi¬ 
nally for the species. 

The condition of heterospory is exceedingly rare in Discomy- 
cetes. There are certain genera as, for example, Thecotheus and 
Rhyparobius, in which the number of spores is known to be variable 
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and in which the size is thus partly correlated with the number 
produced in the asci. Also it is a common experience to those 
familiar with Discomycetes to find asci normally containing 8 
spores in which some of the spores disintegrate and the remaining 
spores become larger than the spores in the other normal 8-spored 
asci in the same apothecia. But these situations are not com¬ 
parable to that just described for P, bronca. The writer is un¬ 
aware of a similar condition elsewhere in the Discomycetes. 
Erichsen (1940) reported a case in a lichen which he named 
Buellia heterospora in which he found asci with eight ellipsoid two- 
celled spores and other asci in which the 8 spores were nearly 
globose. That the heterosporous condition was found in the twenty- 



Figs. 2-^. Figs. 2 and 4, ascus and spores rteesenting the large size; 
figs. 3 and 5, ascus and spores representing tht&pmall size; fig. 6, variotifs 
types of paraphyses. 
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nine collections studied which represent a distribution in the United 
States from coast to coast and over a period of 75 years, indicates 
that the condition must be considered as relatively fixed for the 
species and that it represents a good diagnostic character. 

The second character to be discussed concerns the paraphyses. 
Peck did not describe them but he did illustrate them. He showed 
unbranched paraphyses with simple clavate apices. He overlooked 
the forking and the unusual antler-like apical branching that was 
found in his type material. Seaver (l.c.) likewise omits mention 
of this condition. 

The irregularities of the apices are quite remarkable. They 
vary from a simple bend or thickening to a knobbed head having 
several short stout branches to a branching that is delicate and 
antler-like. Not all of the paraphyses in one apothecia show this 
peculiarity. Many of them are simple and clavate; however, the 
curious branching is very marked in some apothecia and in those 
in which it is not predominant, the characteristic is indicated by 
slight bifurcation or slight bends. In the event that branching is 
profuse, the paraphyses are bunched together due to the interlacing 
of the branches. Often these clumps extend beyond the asci to 
a distance of 20-30 fi and form such a covering for the asci that 
the structure resembles a true epitheciuni. Boudier (1905-1910) 
illustrated this peculiar branching for Pustularia ochracea Boud. 
In Otidea abietina Fuck, there is a characteristic branching of the 
apices of the paraphyses but it is not like that found in P, bronca. 
The writer (1944) reported the finding of two kinds of paraphyses 
in Pseudociboria umbrina Kanouse. The differences here were 
due to color and form. One kind was hyaline and filamentous, 
the other kind was dark brown and cylindrical. In P. bronca the 
paraphyses are all hyaline. 

The hypothecial and excipular structures are similar to those 
in other species in the genus Pustularia, The hypothecium is com¬ 
posed of intertwining hyphae that, in general, run parallel to the 
hymenium. These hyphae change to a cellular tissue toward the 
margin and the outermost layers of this tissue give rise to the aggre¬ 
gations of cells that are the pustules. These warts are larger and 
more abundant on the upper one-half of the apothecia than on the 
lower part. There are no hairs or hair-like extensions of the outer 
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cells such as Nannfeldt emphasizes for P. catinus and Boudier 
describes for P. ochracea. 

The apothecia are sessile. Frequently the mycelium at the base 
becomes intermixed with soil and debris and forms an irregular 
mass or ball. These masses are not stipes. 

Nannfeldt (1938) discussed the morphology of Pustularia cati- 
nus from European specimens. He placed P. ochracea in synon- 
ymy with it partly on the supposition that P. catinus may prove 
to be a collective species including a number of ‘‘petites especes.” 
Be that as it may, Pustularia hronca is sufficiently distinct from 
P. catinus so that its status as a species seems well established. 
P. catinus is a stipitate fungus with a hairy excipulum. 

P. bronca shows close relationships to species in the genus 
Pustularia Fuckel as emended by Boudier (1907) and the transfer 
to this genus seems logical. Nannfeldt (l.c.) suggested this possi¬ 
bility but did not make the transfer. 

Seaver’s treatment of the species is not tenable. His descrip¬ 
tion, based as it was upon a combination of Peck's description and 
the description of Aleuria humicola Boud., which he mistakenly 
supposed was synonymous with P. hronca, does not represent a 
single species. A, humicola is quite a different fungus. It is 
described and illustrated as being yellow, and as having asci that 
turn blue in iodine. The apothecia are shown expanded and the 
exterior of the cup is not warty. 

University of Michigan, 

Ann Arbor, 

Michigan 
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STUDIES IN THE GENUS CINTRACTIA. 
I. C. MONTAGNEI AND RELATED 
SPECIES 


Lee Ling 

The genus Cintractia, since its establishment in 1883 by Cornu, 
has accumulated around one hundred species with rather hetero¬ 
geneous characters. Many of the species have never been re¬ 
studied and misinterpretation of certain older ones has been long 
perpetuated. As it stands now, even the limits of the genus have 
become very uncertain. The present series of papers aims to 
present a taxonomic revision of the genus as well as a clarification 
of the generic concept concerning it. 

The ovaricolous smuts of Rhynchospora reflect one of the chaotic 
phases of the taxonomy of Cintractia. Ustilago montagnei, the 
earliest species in this group of fungi, was described by Tulasne 
(10), based upon a collection from Algeria. Unfortunately this 
fungus has never been recollected from that area. Desmazieres 
noted that the smut commonly found on Rhynchospora alba in 
France had spores larger than those of Tulasne^s species and con¬ 
sequently proposed var. major to accommodate it. Hennings (4) 
created another epithet, Ustilago taubertiana, for a similar fungus 
from Brazil. Both species were later transferred from Ustilago to 
Cintractia. Clinton (2) separated Cintractia taubertiana from C. 
montagnei chiefly on the basis of spore size, but in a way contra¬ 
dictory to their original descriptions. Liro (9) suggested that the 
specific name ''montagnei'' should be avoided because Tulasne 
recorded the host as Schocnus and his original citation of spore 
size as 9-11 /a in diameter did not fit the forms occurring on R. alba 
in Europe. Accordingly he raised the variety major to specific 
rank and set up a new name, Cintractia gigantospora, for the 
European forms. In addition to the situation set forth above, a 
number of other binomials have been published from time to time 
for smuts occurring in the ovaries of Rhynchospora spp. Zundel 
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(11) and Hirschhom (7) have each suggested that several of 
these species are synonymous, but both have failed to interpret 
them correctly. 

In the present paper, six species and two varieties of Cintractia 
are recognized for the ovaricolous smuts of Rhynchospora. De¬ 
scriptions and a key to species and varieties are presented. Only 
material actually studied is cited, and the institution in which each 
specimen so cited is to be found is designated by an abbreviation. 
These abbreviations are as follows: BPI = Mycological Collections, 
Bureau of Plant Industry, U. S. Department of Agriculture; 
CH = Clinton Herbarium, Connecticut Agricultural Experiment 
Station; FH = Farlow Herbarium, Harvard University; K = 
Royal Botanic Gardens, Kew; NY = New York Botanical Garden; 
P = Museum National D’Histoire Naturelle, Paris; S = Natur- 
historiska Riksmuseet, Stockholm. 

The writer wishes to thank Mr. J. A. Stevenson for aid rendered 
in various ways, and those who made available material and facili¬ 
ties for study in their institutions. 

KEY TO SPECIES 

False membrane of the sorus very inconspicuous, disappearing early 
Spores globose to oblong 

Spores smooth. C. amazonica 

Spores indistinctly ornamented 
Spores pitted 

Spores 8-12/It in length. C. mdntagnei var. minor 

Spores 9.5-14 M in length. C. montagnei 

Spores 11-18 m in length. C. montagnei var. major 

Spores with short, sinuous striae. C. gigantospora 

Spores coarsely tuberculate.C*. nova-guineae 

Spores deeply cupped, appearing reniform in side view.C. farlowii 

False membrane of the sorus conspicuous and persistent..C. spicularum 

Cintractia amazonica Syd., Ann. Myc. 14: 73. 1916. 

Cintractia rhynchosporae Cif., Ark. Bot. 23A (14) : 9. 1931. 

Sori in the ovaries, subglobose to ellipsoid, 1-2 mm. in length, 
each forming a firmly agglutinated spore jnass, at later stages be¬ 
coming rather dusty in the outer parts and more or less exposed 
between the spreading glumes. Spores 4 ^oky reddish brown, 
smooth, globose to broadly oval, occasiom^y slightly angular or 
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oblong, 12.5-18 X 9-16.5 /i, rarely up to 21 in length, epispore 
1-1.5/i thick, evenly thickened. 

Material examined: On Rhynchospora barbata (Vahl) Kunth 
(=7?. pterocarpa Clarke). Brazil: Serra do Mel, Rio Branco, 
Aug. 1909, E. Ule 3345, cotype (S). Dominican Republic: Llano 
Costero, Prov. Santo Domingo, Sabana de Guerra, Aug. 13, 1929, 
E. L. Ekman 2515, type of C. rhynchosporae (BPI); Samana, 
Sabana de la Mar, July 4, 1937, C. E. Chardon 701 (BPI). 

Cintractia farlowii Clint, apud Zundel, N. Amer. FI. 7: 1000. 

1939. 

Sori ill the ovaries, completely concealed by the glumes, 1-1.5 
mm. in length; spore mass black, at first semi-agglutinate and 
rather compact, becoming dusty at maturity. Spores 9-12.5 fi in 
length, finely punctate, with epispore thinner and deeply com¬ 
pressed at one side, spore thus appearing reniform in side view, 
but broadly oblong in top view with a light brown, narrower por¬ 
tion in the middle and cap-like, deep cinnamon brown portions at 
both ends. 

Material examined: On Rhynchospora capitellata (Michx.) Vahl 
(=/?. glomerate Vahl var. leptocarpa Blake). United States: 
Fort Reed, Florida, S. Rapp (CH) ; Magnolia, Massachusetts, 
Sept. 27, 1911, Cora H. Clark, type (CH). 

Cintractia gigantospora Liro, Ann. Acad. Sci. Fenn. A. 42: 

47. 1938. 

Ustilago rhynchosporae Sauter, Mittheil. Gesellsch. Salzb. Landesk. 18: 
114. 1878. 

Ustilago gigantospora Lehtola, Ann. Bot. Soc. Zool.-Bot. Fenn. Vanamo 
17 (3): 23. 1942. 

Sori in the ovaries, globoid, approximately 1 mm. diam., more 
or less exposed between the spreading glumes; spore mass black, 
usually remaining agglutinate and compact at maturity, surround¬ 
ing a rudimentary columella. Spores globose to oval, occasionally 
angular, 14.5-21 X 10.5-18/*, averaging around 17 X 15/*; epi¬ 
spore deep reddish brown, 1-1.5/* thick, under oil immersion lens 
appearing as ornamented with very short, sinuous, depressed 
striae, sometimes even as irregular and imperfect reticulations. 
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Material examined: On Rhynchospora alba (L.) Vahl. Aus¬ 
tria : Salzburg, in Klotz. Herb. Viv. Myc. 1896, type of U, rhyncho^ 
sporae (BPI) ; Edelbach pr. Windischgarsten, in Thuem. Fungi 
Aust 337 (BPI). Finland: Alandia, Finstrom, Stortrask, in 
Liro, Myc. Fenn. 26, type (BPI). Sweden: Uppland, Moja, 
Fomby, Sneven, Aug. 2, 1918, T. Vestergren (S). 

On Rhynchospora miliacea (Lam.) Gray. United States: Gaines¬ 
ville, Florida, June 17, 1938, E. West 12375 (BPI). 

The collection on Rhynchospora miliacea is not typical of this 
species in having rather pulverulent sori at maturity and darker 
spores. 

CiNTRACTiA MONTAGNEi (Tul.) Magn., Abh. Bot. Ver. Prov. 

Brand. 37:79. 1896. 

Ustilago montagnei Tul., Ann. Sci. Nat. Bot. III. 7: 88. 1847. 

Microbotryum montagnei Lev., Ann. Sci. Nat. Bot. III. 8: 372. 1847. 

Ustilago taubertiana P. Henn., in Engl. Bot. Jahrb. 17: 525. 1893. 

Ustilago psilocaryae Tr. & Earle, Bull. Torrey Bot. Club 26 : 493. 1899. 

Cintractia taubertiana Clint., Jour. Myc. 8: 142. 1902. 

Cintractia psilocaryae Clint., Jour. Myc. 8: 142. 1902. 

Cintractia leveilleana R. Maire, Bull. Soc. Myc. Fr. 21: 143. 1905. 

Cintractia samanensis Cif,, Ark. Bot. 23A (14) : 13. 1931. 

Sori in the ovaries, inconspicuous, subgloboid to oval, 1-2 mm. 
in length, usually completely hidden by the enveloping glumes; 
spore mass black, compact at earlier stages, later the outer parts 
becoming dusty but the interior usually remaining firm and sur¬ 
rounding a rudimentary columella. Spores subglobose to oblong, 
frequently more or less angular, often laterally compressed on both 
sides, 9.^14 X 8-13 fi, averaging around 11.5 /x in length, light to 
medium reddish brown, occasionally with smoky tint, finely to dis¬ 
tinctly pitted, epispore 0.8-1.5/x thick, usually unevenly thickened, 
frequently with remains of hyaline enveloping membrane attached. 

Material examined: On Rhynchospora alba (L.) Vahl. France: 
S. Leger pres RambouilleJ (Seine et Oise), Aug. 25, 1850, 
Tulasne (P); Marais toui^ux des Moraux, in Rab. Fungi Eur. 
2499 (BPI). Germany: Wussina, pr. Muskau, in Syd. Ustil. 
180 (BPI) ; Aachen, in Rab. Fungi Eur. 283 (BPI); Eppendorfer, 
Hamburg, in Jaap, Fungi Sel. Exs. 13 (BPI). United States: 
Somerset County, Pennsylvania, May 15,^36, H. W. Thurston 
(BPI). 
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On Rhynchospora eximia (Nees) Boeck. (= Psilocarya scir- 
poides Torr.). United States: Porter County, Indiana, Aug. 23, 
1925, C. C. Deam (BPI). 

On Rhynchospora fauriae Franch. Japan: Aomori, U. Faurie, 
type of C. leveilleana. 

On Rhynchospora glaiica Vahl (= Schoenus laxus Poir.). Al¬ 
geria: La Calle, Aug. 2, 1841, Durieu du Maisonneuve, type (P). 

On Rhynchospora marisculus Lindl. & Nees. Brazil: Clark 
Island, San Francisco, S. Catharina, Jan. 1885, E. Ule (FH); 
San Francisco, S. Catharina, E. Ule 1608 (CH). 

On Rhynchospora nitens Gray (= Psilocarya rhynchosporoides 
Torr.). United States: Horn Islands, Mississippi, Oct. 1, 1898, 
S. M. Tracy, type of U. psilocaryae (BPI). 

On Rhynchospora oligantha Gray. Dominican Republic: Cor¬ 
dillera Central, Samana, Sabana de la Mar, July 11, 1930, E. L. 
Ekman, type of C. samanensis (S). 

On Rhynchospora sp. Brazil: San Francisco, S. Catharina, in 
Rab. Fungi Kur. 3806 (BPI). 

The type of Ustilago taiibertiana was not available for study. 
However, one of the Brazilian collections (Ule 1608) was recorded 
as such by Hennings (6). 

Pro-ustilago rhynchosporae is a name applied by Brefeld (1) 
to a fungus on Rhynchospora alba morphologically identical with 
Cintractia, but producing lateral sporidia on the promycelium in 
germination. Since he did not describe its morphology, the name 
can be treated only as a nomen dubium or nomen nudum. 

The collections assigned here to C. montagnei and its varieties 
show a great deal of variation in the size and color of spores, which 
measure from 8-11.5 long in a collection from Caucasus, U.S.S.R., 
on Rhynchospora alba to 12-18 long in the type of Cintractia 
eximia Cif. However, they can be grouped into three classes ac¬ 
cording to the spore size: (1) 8-12/1. long; (2) 9.5—14/1. long; 
and (3) 11-18/t long. The color of spores becomes lighter as 
the spores decrease in size. These groups of course overlap and 
cannot be sharply delimited. These collections apparently all be¬ 
long to one fluctuating natural group of biotypes. For convenience, 
the two extreme groups with spores smaller and larger than the 
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type of C. montagnei are here treated as two varieties of this 
species. 

Cintractia montagnei (Tul.) Magn. var. minor var. nov. 

Sporis 8-12 X 6-10.5 medio circa 10 X 8.8 ft , episporis pallide rubro- 
brunneis, circa 0.5 ft crassis; ceteris ut in specie. 

Spores 8-12 X 6-10.5 ft, averaging around 10 X 8.8/i, epispore 
light reddish brown, approximately 0.5 /x thick; otherwise identical 
with the species. 

Material examined: On Rhynchospora alba (L.) Vahl. Czecho¬ 
slovakia: in Kavina & Hilitzer, Crypt. Cech. Exs. 114 (BPI). 
Russia: Caucasus, Kobuleti, prope Batum, Sept. 9, 1917, Woro- 
now, ex Herb. W. Siemaszko, type (BPI). 

Cintractia montagnei (Tul.) Magn. var. major Desm., Plant. 
Crypt. 1. 1726. 1850. 

Ustilago juncicola Speg., Rev. Argent. Hist. Nat. 1: 170. 1891. 

Ustilago scleriae (DC.) Tul. var. dichronemae P. Henn., in Engl. Bot. 
Jahrb. 17: 526. 1893. 

Ustilago liehtnanni P. Henn., Hedwigia 33: 229. 1894. 

Ustilago dichronemae P. Henn., Hedwigia 43: 78. 1904 (non Ustilago 
dichronemae P. Henn. on Dichromena pubera Vahl, 1904). 

Ustilago bipustula Pk. apud House, N. Y. State Mus. Bull. 219-220: 235. 
1921. 

Cintractia ekmani Cif., Ark. Bot. 23A (14): 11. 1931. 

Cintractia eximia Cif., Ark. Bot. 23A (14) : 12. 1931. 

Cintractia major Liro, Ann. Acad. Sci. Fenn. A. 42 : 46. 1938. 

Cintractia juncicola Liro, Ann. Acad. Sci. Fenn. A. 42 : 286. 1938. 
Ustilago intercedens Lehtola, Ann. Bot. Soc. Zool.-Bot. Fenn. Vanamo 
17 (3) : 23. 1942. 

Cintractia standleyana Zundel, Mycologia 35: 171. 1943, 

Spores frequently angular, 11-16.8 X 7.5-14.5 /a, mostly averag¬ 
ing around 14 X ll ft, the most elongate up to 18 ft in length, epi- 
spores deep reddish brown, usually with smoky tint, 1-1.5fi thick; 
otherwise identical with the species. 

Material examined: On Rhynchospora alba (L.) Vahl. Aus¬ 
tria: Egelsee nachst Millslatt, Karnsten, in Weese, Eumyc. Sel. 
Exs. 298 (BPI). Finland: Isthmus Karelicus, Raibola, in Liro, 
Myc. Fenn. 27 (BPI). France: in Desn^Pl. Crypt. Fr. 2126 
(BPI). Germany: Siegburg, in Thuem.* 929 (BPI) ; 
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Siegburg, environs de Bonn, in Fckl. Herb. Barbey-Boiss. 1836 
(BPI). United States: York, Maine, in Seym. & Earle, Econ. 
Fungi C7 (BPI); Eastern Texas, 1888, G. C. Neally, sub Ustilago 
rhynchosporae Ell. & Galw. (BPI). 

On Rhynchospora ciliaris (Michx.) Mohr (= /?. ciliata Vahl). 
United States: De Funiak Springs, Florida, Sept. 30, 1903, M. B. 
Stevens (CH). 

On Rhynchospora distans (Michx.) Vahl. Bermuda: Devon¬ 
shire Marsh, Aug. 8, 1921, H. H. Whetzel (BPI). 

On Rhynchospora eximia (Nees) Boeck. Dominican Republic: 
Cordillera Central, prov. Azua, El Tetero, Oct. 10, 1929, E. L. 
Ekman, type of C. eximia (S). 

On Rhynchospora glauca Vahl. Guatemala: Dept. Alta Vera- 
paz, Apr. 14, 1941, P. C. Standley, type of C. standleyana (BPI). 

On Rhynchospora globularis (Chapm.) Small var. recognita 
Gale. United States: Lanham, Maryland, July 21, 1906, A. 
Chase (CH). 

On Rhynchospora glomerata Vahl. United States: Selbyville, 
Delaware, in Barthol. Fungi Columb. 3008 (BPI). 

On Rhynchospora marisculus Lindl. & Nees. Dominican Re¬ 
public: Cordillera Septentrional, prov. Puerto Plata, Cabarete, in 
Cif. Mycofl. Doming. Exs. 84, sub Cintractia portus-argenti Cif. 
(BPI, S). 

On Rhynchospora nana (Boeck.) Pfeiff. (= Dichromena mina- 
rum C. B. Clarke). Brazil: Glaziou 20045, type of U, dichronemae 
(CH). 

On Rhynchospora odorata Wright (= R. stipitata Chapm.). 
Bermuda: Devonshire Marsh, Mar. 14, 1922, H. H. Whetzel 
(BPI). 

On Rhynchospora podosperma Wright. Dominican Republic: 
Llano Costero, prov. Santo Domingo, Cuenca, in Cif. Mycofl. 
Doming. Exs. 8, type of C. ekmani (BPI). 

On Rhynchospora sp. Mexico: Mirador, Liebmann 691, type 
of [/. liehmanni (CH). Paraguay: Vallee de TY-acan-Guazu, in 
Balansa, PI. Parag. 4323 (BPI, FH). 

On Rhynchospora tenuis Link. Honduras: Dept. Morazan, 
Quebrada de Santa Clara, Dec. 17, 1946, P. C^ Standley & L. O. 
Williams (BPI). 
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The type of Ustilago juncicola is not found in the Institute de 
Botanica “Spegazzini,’* La Plata. In B. Balansa^s PI. du Para¬ 
guay are included two collections, nos. 4294 and 4323, labelled as 
such, the latter being cited originally by Spegazzini. No. 4294 at 
the Farlow Herbarium contains some plants of Fimbristylis in¬ 
fected by Cintractia axicola (Berk.) Cornu. No. 4323 at the 
Mycological Collections, Bureau of Plant Industry is merely Cw- 
tractia montagnei var. major, while the same number at the Farlow 
Herbarium consists of a mixture of C. montagnei var. major and 
C. axicola^ Since Spegazzini’s description fits better to C. mon¬ 
tagnei var. major, the name U, juncicola is included here as a 
synonym. 

Ustilago liebmanni was originally described as on Lusula. Clin¬ 
ton (3) considered it as a synonym of Cintractia junci Trel. in 
accordance with the suggestion of Hennings himself. An examina¬ 
tion of its type, however, disclosed that it is identical with C. mon¬ 
tagnei var. major and its host is a Rhynchospora, 

Cintractia standleyana was described as a new species chiefly 
on the ground that the infected flowers become aggregated capi- 
tately as a result of the shortening of pedicels. On certain hosts, 
however, it is not unusual for this group of fungi to produce a 
witches'-broom effect in various degrees. This characteristic alone 
is hardly sufficient to separate species. 

Cintractia nova-guineae Zundel, Mycologia 31 : 589. 1939. 

Sori in the ovaries, completely hidden by the glumes, 2-3 mm. 
long; infected flowers becoming aggregated as a result of the 
shortening of pedicels. Spores when mature dark reddish brown, 
opaque, subglobose to ellipsoidal, often somewhat irregular, vari¬ 
able in size, ranging 16.^29 /a long, densely covered by coarse, 
blunt tubercles measuring 1-1.5 /a wide at base, appearing irregu¬ 
larly reticulate on top. 

Material examined: On Rhynchospora sp. New Guinea: Marsh 
Meadows, Morobe, Dec. 22, 1938, M. S. Clemens, type (BPI). 

Zundel stated that this species is closely related to Cintractia 
amasonica but differs from it in having j|g|nutely pitted spores, 
while the spores of C. amasonica are veiiroulate. On the cofK^ 
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trary, C. amazonica has perfectly smooth spores, while the spores 
of the present species are prominently ornamented. 

Cintractia spicularum Racib., Bull. Intern. Acad. Sci. Krakow 
1909 : 353. 1909. 

Cintractia axicola (Berk.) Cornu f. spicularum Juel, Bih. till K. Sv. 

Vet.-Akad. Handl. 23 (10) : 7. 1897. 

Sori destroying the ovaries, ovoid, cornute or narrowly ellipsoid, 
tapering at the apices, 3-7 mm. in length, each covered by a con¬ 
spicuous, whitish, tough false membrane which persists even after 
its rupture; spore mass black, agglutinate, later becoming dusty on 
the outer parts, but usually remaining compact in the basal part 
of the sorus, surrounding a very short, slender columella. Spores 
chiefly globose to oval, often compressed, medium to deep reddish 
brown, often with smoky tint, 12-16.5 fi in length, epispore smooth, 
about 1 fjL thick. 

Material examined: On Rhynchospora corymbosa (L.) Britton 
(= /?. aurea Vahl). British Guiana: PI. Vryheid, Feb. 14, 1924, 
D. H. Linder 941 (BPI). Dominican Republic: El Valle, Sa- 
mana, July 4, 1937, C. E. Chardon (BPI). India: C. B. Clarke, 
sub Ustilago conglohata Cke. & Massee (K, NY). Indo-China: 
Cho-Ganh, Tonkin, Oct. 1922, A. Petelot (BPI); Tourane and 
vicinity, May-July, 1927, J. & M. S. Clemens 3978 (FH). Java: 
Sockanegara, Preanger, M. Raciborski (FH). Mexico: Coatza- 
coalcos, Jan. 1895, C. L. Smith (BPI) ; Jalapa, in Syd. Ustil. 220 
(BPI). Philippine Islands: Zamboanga, Mindanao, Nov.-Dee. 
1911, E. D. Merrill 8322 (BPI). Puerto Rico: Mayaguez, in 
Seym. & Earle, Econ. Fungi C105 (BPI); vicinity of Vega Baja, 
March 31, 1922, N. C. Britton et al, 6967 (CH). Trinidad: 
Border of Pitch Lake, March 27, 1920, N. L. Britton et al, (BPI). 

The host of one of the Puerto Rican collections (Britton et al, 
6967) cited above was erroneously labelled as Mariscus jamaicensis, 
which was also recorded by Zundel (11). 

Cintractia utriculicola (P. Henn.) Clint, is the name commonly 
applied to this fungus. While describing Cintractia axicola (Berk.) 
Cornu f. spicularum, Juel (8) stated that his fungus was undoubt¬ 
edly identical with Cintractia leucoderma (Berk.) P. Henn. f. 
utriculicola P. Henn. Clinton (2) accordingly raised Hennings’ 
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form to specific rank and cited Juel's form as its synonym. In so 
doing, he based his decision only on an exsiccati specimen issued 
in Sydow’s Ustilagineen no. 220 as C. axicola f. spicularum, A 
review of Hennings* original note on C. leu<^derma f. utriculicola, 
however, revealed that the concept of Juel, Clinton, and later 
authors regarding the identity of the two fungi mentioned above 
is incorrect. Hennings'* (5) writing is translated as follows: 

Cintractia leucoderma (Berk.) P, Henti. = C. Krugiana P. Magn. Brazil: 

S. Cathar. at Blumenau in Rhynchospora gigantea n. 293. 

This species was placed correctly by P. Magnus in Cintractia but he inci¬ 
dentally overlooked the fact that the same fungus had been described by 
Berkeley as Ustilago leucoderma. The same species also occurs on Rhyncho¬ 
spora aurea in Ratnapoora, as well as in Borneo, and also in Usambara, 
where it was collected by Dr. Stuhlmann. Unfortunately I have named the 
fungus originating from the latter place as Cintractia Krugiana P. Magn. var. 
usambarensis in Engler’s Pflanzenwelt Ostafrikas, so that I correct the 
error herewith. The form of the sori and the spores is somewhat variable. 
—In addition to its occurrence on the axes of the inflorescences the fungus 
is also found inside the utriculi, which rupture like blisters, and the often 
spherical sori are each covered at first by a thick white-shining membrane. 
It is characteristic that while in such specimens the fungus never occurs in 
the axes; on the other hand in specimens in which the axes are attacked 
and swollen cylindrically, the flowers are either entirely stunted or when 
developed are without smut pustules.—^The spores appear to me in both 
cases entirely identical. The form which occurs only in the utriculus was 
collected by P. Sintenis from Puerto Rico as well as by Dr. A. Moller and 
by E. Ule at Blumenau at the same localities on Rhynchospora gigantea with 
the typical form. I designate these as form, utriculicola, while Schroter 
places them in his herbarium under Ustilago Caricis (Pers., Fuck. = Cfw- 
tractia C. P. Magnus), 

Despite the fact that the utriculus does not exist in Rhyncho¬ 
spora, Hennings apparently referred to forma utriculicola a form 
similar to the typical C. leucoderma in the blister-like pustules, the 
white and thick enveloping membranes, and the characters of the 
spores. On certain species of Rhynchospora, C. leucoderma or 
related forms frequently infect the secondary pedicels of the cymes, 
form short, oblong to oval or even globoid spore masses below the 
rudimentary abortive spikelets, and often are embraced partially 
by the bracts. Sometimes the infection even extends to the scales. 
In that way, the sori may appear as if occ|^ng inside the florets. 
Hennings most probably referred his ^i^sn^^ uti^licola to this 
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sort of infection instead of any of the other ovary-attacking fungi 
which can be readily distinguished from C. leucoderma. 
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AN ADDITION TO THE MYXOMYCETE 
GENUS COMATRICHA 

R. K. Benjamin and A. W. Poitras 
(with 4 figures) 

The genus Comatricha, according to the most recent monograph 
by Martin ( 4 ), is represented in North America by twenty-one 
species. Two European species, Comatricha filamentosa and C. 
fragilis, described by Meylan (5, 6), are as yet unknown from this 
continent. Species of this genus of the Stemonitaceae are charac¬ 
terized by having globose to cylindrical, usually stipitate sporangia, 
possessing an evanescent, rarely persistent peridium, and in most 
species, with a definite columella from which the capillitium arises. 
The capillitium is composed, typically, of a network of branching 
and anastomosing threads, the extremities of which are free. The 
spores are dark colored, usually ferruginous, violaceous, or black. 

During the past two years the senior author has made numerous 
collections of Myxomycetes in Illinois; included are eleven species 
of Comatricha: C, aequalis Peck, (7. cornea G. Lister & Cran, C. 
elegans (Racib.) Lister, C. jimbriata G. Lister & Cran, C. irregu¬ 
laris Rex, C. laxa Rost., C. longa Peck, C. nigra (Pers.) Schroet., 
C. pulchella (Bab.) Rost., C. rubens Lister, and C. typhoides 
(Bull.) Rost. 

Recently an old, dry, sample of goat dung, originally collected 
and moistened in November 1947, was moistened again for the 
reisolation of mucoraceous fungi. ^ On subsequent examination, a 
large number of sporangia of a Comatricha were obtained which 
we have been unable to assign to any of the previously described 
species of the genus. 

The extensive collections of Myxomycetes in the Herbarium of 
The State University of Iowa have been examined in order that 

♦ The senior author, especially, appreciates th^^couragement and counsel 
of Professor Leland Shanor during the study o!^l]inois Myxomycetes. Bpth 
authors are indebted to him for advice on thb prt|M||atio||,f.of this paper. 
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our specimens might be compared with North American and for¬ 
eign species not previously seen by the authors. We are indebted 
to Professor G. W. Martin for his assistance in making available 
for study this Collection of Myxomycetes, and for examining our 
material. Because this species of Comatricha is so clearly distinct 
from known species of the genus, we feel it merits description as 
new. The specific epithet mirabilis has been selected because of 
the beauty of the sporangia and the striking pattern of the reticu¬ 
late spores. 

Comatricha mirabilis sp. nov.* 

Sporangfiis solitariis vel gregariis, erectis, intense brunneis, ellipsoideis vel 
cylindraceis, 0.7-1.5 mm. altis, 0.25-0.35 mm. diam.; stipitatis; stipite inten- 
sius brunneo, 0.35-0.75 mm. alto, in capillitium tamquam columella penetrante 
et vix apicem attingente; capillitio simplice vel parce ramoso, e tota colu¬ 
mella enascente; sporis globosis, intense violaceis-brunneis, plane reticulatiis, 
10-13 M diam. 

Sporangia bone-brown, in small clusters, erect, short-cylindrical 
to ovoid, 0.7-1.5 mm. tall, 0.25-0.35 mm. in diam., stipitate; perid- 
ium very evanescent, persistent at the base as a small collar; hypo- 
thallus conspicuous, brown, more or less common to a cluster of 
sporangia; stipe about half the total height, brownish-black, con¬ 
tinuing into the sporangium as a columella which reaches nearly 
to the apex; capillitium arising from the entire length of the colu¬ 
mella, consisting of simple or dichotomous, rarely anastomosing, 
purple-black threads, slender and paler near the base, gradually 
expanding outwards and ending in short, much thickened, rigid, 
diverging branchlets which project beyond the surface of the spo¬ 
rangium; spores dark lilac-brown, reticulate with narrow raised 
bands, about 20-30 meshes to the hemisphere, 10-13/4 in diam. 
(av. 11.1 fi) including the border which is 1-2/x high (av. 1.4/4). 

The type appeared on goat dung collected near Urbana, Cham¬ 
paign County, Illinois, November 1947 (moist chamber culture), 
and has been deposited in the Mycological Collections, University 
of Illinois Herbarium (Mycological Collections No. 21003). Iso¬ 
types have been sent to the Mycological Collections of the Bureau 
of Plant Industry, Beltsville, Md.; Farlow Herbarium, Harvard 

♦The authors wish to thank Professor John L. Heller, Head of the 
Department of Classics, for checking the Latin diagnosis. 
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University; the Herbarium of the New York Botanical Garden; 
and the Herbarium of the State University of Iowa, Iowa City. 

Comatricha mirabilis is readily distinguished from all other pre¬ 
viously described species of Comatricha by having a simple capil- 
litium and spores which are strongly reticulate with narrow raised 
bands. The capillitium bears a marked resemblance to that of 
Comatricha jimbriata G. Lister & Cran (2) in its simplicity and 
general structure, but the reticulate spores of C. mirabilis are dis¬ 
tinctly different from the verrucose spores of C. fimbriata, a species 
we have collected frequently on bark. One other species of Coma¬ 
tricha, C, rispaudii Hagelstein (1), is known which produces con¬ 
spicuously banded reticulate spores. This differs from C. mirabilis, 
however, in that it possesses a more netted capillitium and has 
spores which are smaller, measuring 9 ft or less in diameter. Coma¬ 
tricha reticulata H. C. Gilbert (7) and C. cylindrica (Bilgram) 
Macbr. (3) produce spores which are more or less reticulate, but 
in these species the ridges are only slightly raised above the surface 
of the spore. Type material of both Comatricha reticulata and 
C. rispaudii has been studied for comparison. Authentically de¬ 
termined specimens of Comatricha cylindrica also have been 
examined. 

Because of its small size, Comatricha mirabilis is doubtless very 
inconspicuous in nature. The plasmodium may develop in humus 
or soil, arising to fruit on grass or other herbaceous material. A 
number of species of Myxomycetes (i.e. Physarum cinereum, 
Didymium squamulosum, etc.) often appear on animal dung, but 
are more commonly found on dead leaves, grass, and other her¬ 
baceous ground cover. 

The material here examined is sufficiently abundant and distinc¬ 
tive to indicate a normal development. The spores are perfectly 
mature and quite uniform in size and surface markings. 

Department of Botany, 

University of Illinois, 

Urbana, Illinois 
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EXPLANATION OF FIGURES 

Fig. 1. Habit sketch of cluster of sporangia showing tips of capillitial 
branches projecting from surface. X 15. Fig. 2. Mature sporangium, after 
spores have been removed, showing nature of capillitium and columella. 
X 83. Fig. 3. Single capillitial strand and two spores. X 530. Fig. 4- 
A spore. X 1730. 



TREATMENT OF ALLOMYCES JAVANICUS 
VAR.JAPONENSIS INDOH WITH COL¬ 
CHICINE AND SODIUM NUCLEATE 

E. S. Beneke AND G. B. Wilson 

Experimental treatment of higher fungi, especially Ascomycetes 
and Deuteromycetes, with colchicine and other chemicals has been 
reported by a number of workers [Richards (9); Vanderwalle (4); 
Steinberg and Thom (12, 13) ; Bauch (1, 2, 3); and Gordon and 
McKechnie (6)]. In some cases positive results have been ob¬ 
tained which have usually been ascribed to polyploidy or chromo¬ 
somal aberrations. However, polyploidy has not generally been 
cytologically confirmed. Insofar as we are aware no similar treat¬ 
ments of any of the Phycomycetes have been reported. In view 
of the importance of the effect of these ‘‘mitotic poisons^* on higher 
plants it appears desirable to study the effects of such chemicals on 
some of the lower fungi. The present note is concerned with our 
preliminary investigations in this direction. Allomyces was chosen 
because its life cycle apparently resembles alternation of generations 
in higher plants. Induced changes in the life cycle of this fungus, 
in addition to the studies of Sorgel (10, 11), Emerson (4), and 
Emerson and Wilson (5), should give further support to Kniep’s 
(8) hypothesis that meiosis normally occurs in the resistant spo¬ 
rangia of Euallomyces. 

The typical life cycle of Euallomyces is as follows: the sporophyte 
gives rise to two types of sporangia, the zoosporangia, giving rise 
to zoospores which form new asexual thalli; and the thick-walled 
resistant sporangia, giving rise to zoospores which develop into 
sexual thalli. Male and female gametangia are formed on the 
sexual thalli. These gametangia produce motile male and female 
gametes which fuse with each other and develop into the asexual 
thalli. 

A number of variations in the ‘‘normal” life cycle have been re¬ 
ported. Female gametes have been observed occasionally to de- 
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velop parthenogenetically [Kniep (8), Sorgel (10), and Emerson 
(4) ]. Asexual thalli may be formed by the planont from resistant 
sporangia of certain strains [Sorgel (10), and Emerson (4)]. 
Sexual thalli have been noted to produce what are apparently re¬ 
sistant sporangia [Hatch (7), Sorgel (10), and Emerson (4)]. 

Method of Culture, The dried resting sporangia and germinat- 
^ing zygotes were put in Petri dishes containing either sterile dis¬ 
tilled water, solutions of colchicine or of sodium nucleate. Por¬ 
tions of hemp seeds were placed in contact with either the dried 
resting sporangia or the germinating zygotes. The gametophytic 
or sporophytic thalli develop on the hemp seeds. Sterile distilled 
water was used to replace the colchicine or sodium nucleate solu¬ 
tions after a designated period of time. The mature sporophytic 
thalli with resting sporangia were dried on filter paper. 

Treatments and Results: 1. First treatment. Germinating zy¬ 
gotes of a strain of A. javanicus var. japonensis, which normally has 
been producing only ganietophytes from the resting sporangia, were 
treated with 1% sodium nucleate on February 25, 1949. Germi¬ 
nating zygotes were also grown as controls. The zygotes were al¬ 
lowed to develop in the solution for 65 hours and then were trans¬ 
ferred to distilled water. The resulting sporophytes shqwpd no 
obvious morphological changes. Additional colonies formed 
from zoospores arising from these asexual thalU.. ^The colonies 
from the treated and untreated zygotes were subsequently dried on 
filter paper for at least three weeks. 

2. Second treatment. Sixteen of the “dried colonies from the 
sodium nucleate treatment with numerous resistant sporangia were 
used for a colchicine experiment; five of them were placed in .01 % 
colchicine, five in .02%, and six were cultured in distilled water as 
controls. In addition, sixteen previously untreated dried colonies 
of resting sporangia from the original strain were also used. Five 
were placed in .01% colchicine, five in .02%, and six were cultured 
as controls. 

Within one day many sexual and asexual thalli were developing 
from the germination of zoospores from resistant sporangia which 
were derived from the sodium nucleate ti^^ted nuiterial. Only 
sexual thalli were produced by the germ^naH^oi^ of zoospores froiri^ 
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TABLE I 



.01% Colchicine 

.02% Colchicine 

No treatment 


G&S 

G 

None 

G&S 




G 

None 

Sodium nucleate 

5 


__ 

1 

4 


3 

3 


No treatment 

"" 


1 

— 

3 


HI 

6 

— 


Note: Numbers refer to the number of colonies, each of which contain 
many resting sporangia. 

G & S Colonies having both Gametophytes and Sporophytes. 

G « Colonies having Gametophytes only. 

None « No germination of the resting sporangia. 

resistant sporangia which had not previously been treated. The 
results of these treatments are shown in table I. At this time there 
was no indication of any direct effect of the colchicine. 

3. Third treatment. Resting sporangia that were developed after 
the second treatment with .01% colchicine, .02% colchicine, or no 
treatment as listed in table I were dried for eight weeks. These 
resting sporangia from 54 dried colonies were germinated in dis¬ 
tilled water with the results indicated in table II. 

The results given in table I and table II show that treatment with 
both sodium nucleate and colchicine is correlated with an increase 
in the production of sporophytes from the resting sporangia. 

Discussion, Production of mixed thalli, as noted above, has 
been reported. There is no doubt from the present data that so¬ 
dium nucleate treatment of germinating zygotes has increased the 
frequency with which resistant sporangia from the sporophyte gen¬ 
eration develop mixed thalli. It seems likely that colchicine has 
a similar effect. The explanation of this difference is not readily 
apparent and the matter deserves considerable further investiga¬ 
tion. As a tentative working hypothesis we suggest the possibility 


TABLE II 


First treatment 

Second treatment 


G 

None 

No treatment 

No treatment 

^9 

9 

— 

Sodium nucleate 

No treatment 


6 

— 

No treatment 

.01% Colchicine 


12 

— 

No treatment 

.02% Colchicine 

3 

— 

3 

Sodium nucleate 

.01% Colchicine 

— 

12 

3 

Sodium nucleate 

.02% Colchicine 

3 

1 

3 
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that: (a) haploid thalli are inherently ''gametophytic” and that 
diploid or polyploid thalli are inherently “sporophytic/* (b) 
Treatment of the germinating zygote induces some nuclei to be¬ 
come polyploid and thus the resulting asexual thalli may be mixo- 
ploids. (c) At reduction division during the germination of the 
resistant sporangia some planonts would be haploid and some 
^diploid or polyploid. The haploid would then be expected to give 
rise to sexual thalli, and the others to asexual thalli. This hypo¬ 
thesis remains to be verified by extensive cytological investigations. 
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ASCOCHYTA LEAF SPOTS OF CEREALS 
AND GRASSES IN THE UNITED 
STATES ‘ 

Roderick Sprague ^and A. G. Johnson 2 
(with 2 figures) 

In the course of studies of sphaeropsidaceous leaf spots on 
Gramineae, the need has been felt for an analysis of the genus 
Ascochyta as it occurs on the grass family. Information on species 
of Ascochyta on these hosts in the United States has not been as¬ 
sembled previously. Except for the article by Davis (11), infor¬ 
mation is scanty. The writers have encountered unreported species 
and a number of collections have extended the host range as well as 
the geographic range of known species. Some of these data have 
been reported (50, 51). 

A study of the genus Ascochyta is made somewhat difficult be¬ 
cause it seems to include not only species with well fixed char¬ 
acters, but also virtually identical material that is only a transitory 
phase of certain fungi in related genera. In many cases, spores 
that look like those of Phyllosticta, Ascochyta, Stagonospora, shortr 
spored Septoria, and even Hendersonia all may occur in the same 

1 Cooperative investigations between the Divisions of Cereal Crops and 
Diseases; Forage Crops and Diseases; and Soil Management and Irrigation, 
Bureau of Plant Industry, Soils, and Agricultural Engineering and the 
Nursery Division, Soil Conservation Service, U. S. Dept, of Agriculture 
and the Oregon, Washington, and North Dakota Agr. Exp. Stations. Pub¬ 
lished with the approval of the Director of the Oregon Exp. Sta. as Tech. 
Paper No. 401. Contribution from the Dept, of Plant Pathology. Published 
with the approval of the Director of the Washington Agric. Expt. Sta. as 
Scientific Paper No. 869. 

2 Pathologist, Washington Agricultural Experiment Station, and collabora¬ 
tor, formerly principal pathologist, Division of Cereal Crops and Diseases, 
Bureau of Plant. Industry, Soils and Agr. Engineering, respectively. The 
writers acknowledge with sincere appreciation the many helpful suggestions 
received from Mr. J. A. Stevenson and Miss Edith K. Cash, Division of 
Mycology and Disease Survey. They wish to extend special thanks to Edi¬ 
tor Alexander H. Smith for aid in the editing of the manuscript, 
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pycnidium or in close proximity. Therefore, these AscochytaAike 
phases may not be readily distinguished in all instances from true 
species of Ascochyta that may rarely or never develop spores with 
more than one septum and which are genetically distinct from the 
facsimiles. For example, the 1-septate phase of Septoria nodorum 
Berk, on material collected early in the season is especially con¬ 
fusing. The spores ol this species, however, have slightly truncate 
bases and usually appear more slender than those of A. sorghi 
(A, graminicola), Also, at least a few 3-septate spores, charac¬ 
teristic of S, nodorum, may be found if careful examination is 
made with the aid of stains such as dilute cotton blue. As the 
spores mature, the 3-septate condition becomes more common. 
Furthermore, growing the fungi in pure culture also may aid in dis¬ 
tinguishing them, as species of Hendersonia more often have mouse- 
colored, olivaceous or dark mycelia while species of Ascochyta and 
Stagonospora tend to have buff, light gray, or white, cottony 
mycelial colonies. The species of Septoria with filiform spores, on 
the other hand, have mucose, later carbonaceous or subcottony 
colonies. These characters are not strictly fixed but have proved 
of some value in classifying the group. 

The Genus Ascochyta 

The genus Ascochyta was described in 1830 by Mile. Libert 
(27, p. 8) who regarded the spores as minute asci and the cell con¬ 
tents as globose spores. 

The spelling of the name of the genus was changed to Ascochyta 
apparently first by Link (30) in 1833. This revised spelling was 
followed by Mile. Libert in 1837 (28) and by others since that time. 

Mile. Libert's interpretation of the spores as asci and the cell 
contents as globose spores was followed by Link (30) in 1833, 
Corda (10) in 1842, Rabenhorst (36) in 1844, and Bonorden (6) 
in 1851. Leveille (26), however, in 1849, regarded them as spores 
and described them as oval, linear, simple or septate. In 1875, 
Saccardo (37, p. 302), in a brief footnote, emended the genus as 
follows: 

' Ascochyta : spermatiis (v. stylosporis) ovoideis v, oblongis, 1 septatis.” 
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In 1878, Saccardo (38, p. 161) gave a condensed description, 
which emended the genus still further and in 1884 Saccardo (42, 
V. 3, p. 384) delineated the genus as it is recognized today. 

It is this basic description that Saccardo (42, v. 10, 11, 14, 16, 
18, 22, 25) and other authors, such as Allescher (2), Lindau (29), 
Davis (11) and Clements & Shear (9), have followed since that 
time. This still seems to be the preferable course to follow. 

Some authors, however, have followed a different treatment. 
Tassi (53), in 1902, proposed several new genera in Sphaeropsi- 
daceae for various intergrading forms. Among these was Ascochy- 
tella, erected to cover species with small, 2-celled, colored pycno- 
spores. This included species of Ascochyta with slightly colored 
spores, as well as certain species of Diplodia. Saccardo did not 
recognize Ascochytella as a genus but, in 1906 and again in 1913 
(42, V. 18, 22), used the name for one of his two sections of the 
genus Ascochyta as follows: 

“I. Eli-Ascochyta. Sporulae hyalinae. 

11. Ascochytella FI. Tassi (ut .t?en.). Sporulae dilute coloratae.” 

Potebnia (34, p. 10), in 1907, suggested the name Ascochytula 
as a sub-genus under Ascochyta to include species with slightly 
colored pycnospores. Diedicke (12), in 1912 and again (13) in 
1915, used both Ascochytella and Ascochytula as generic names for 
species with light brown spores and separated them by differences 
in the peridia and shape of the spores (pseudopycnidial peridia and 
light brown spindle-shaped spores in Ascochytella and complete 
parenchymatous peridia and light brown, round-ended spores in 
Ascochytula). Diedicke, both in 1912 and 1915, included in 
Ascochyta only species with hyaline spores. Davis (11), in 1919, 
included both hyaline and slightly colored spored species in the 
genus Ascochyta and did not use the genera Ascochytella or 
Ascochytula. Hoehnel (22, p. 316), in 1923, followed Diedicke 
both in including only species with hyaline spores in Ascochyta 
and in using Ascochytella and Ascochytula for species with light 
brown spores. He also separated the two genera by essentially 
the same characters of the peridia used by Diedicke. He, how¬ 
ever, wrongly credited both genera to Diedicke. The tide turned, 
however,. when Petrak (31), in 1925, indicated that these at- 
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tempted distinctions did not have the slightest value, as such dif¬ 
ferences in pycnidial walls may occur within a species. Likewise, 
Grove (19, p. 328), in 1935, stated that “there is no real basis for 
the separation of some of the species of this genus [Ascochytula] 
under the name Ascochytella Died, on the ground that they have a 
thinner (pseudopycnidial) peridium.” Curiously enough, how¬ 
ever, Grove recognized-the genus, Ascochytula, in preference to the 
older name Ascochytella, While the name Ascochytula was sug¬ 
gested by Potebnia (34) in 1907 as a sub-genus under Ascochyta, 
it was not raised to generic rank until Diedicke (12) did so in 
1912. The genus Ascochytella, on the other hand, was erected by 
Tassi (55) in 1902. Furthermore, Clements and Shear (9, p. 
363), in 1931, placed both Ascochytella and Ascochytula as syno¬ 
nyms under the genus Ascochyta. While Trotter (59), also in 
1931, did not recognize either genus, he used both names for two 
of his sections of the genus Ascochyta, using essentially the same 
characters for the sections as employed by Diedicke for the genera, 
as follows: 

“I. Eu-Ascochyta. Sporulae hyalinae. 

II. Ascochytella (Tass.) Died., Ann. Myc. 10, 1912, p. 141.—Pseudo- 
pycnidiacea, maculicola, sporulis utrinque subacutatis subfusoideis, 
pallide brunneis. 

HI. Ascochytula (Pot.) Died., Ann. Myc. 10, 1912, p. 141.—Pycnidia 
phomatoidea, parietibus crassis; sporulae pallide brunneae utrinque 
rotundatae.” 

Other related genera to be considered in this connection are 
Stagonosporopsis Diedicke, Diplodina Westendorp, and Apiocar- 
pella Syd. {Apiosporella Speg.). 

Stagonosporopsis. —The genus Stagonosporopsis was very spar¬ 
ingly described by Diedicke (12) in 1912. In 1915, he (13, p. 
397) elaborated the description to include a fungus intermediate 
in morphology between Ascochyta and Stagonospora. 

In 1923, Hoehnel (22) recognized Stagonosporopsis essentially 
by the same characters used by Diedicke. Petrak (31, p. 5), how¬ 
ever, in 1925, in reviewing HoehnePs (22) paper, stated that it 
was the same as Ascochyta and in 1943 (31) related it to 
Stagonospora. 

Trotter (59) in 1931, however, recognized the genus. He adds. 
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however, ‘‘Gen. Ascochytae proximum/* Clements and Shear 
(9), also in 1931, placed Staponosporopsis Died, as a synonym 
under Ascochyta, Grove (19), in 1935, and Buchwald (8), in 
1939, both recognize the genus. Buchwald, however, adds: 
“Sprague anerkender ikke Slaegten.” (Transl. “Sprague does 
not recognize the genus.’*) 

Ainsworth and Bisby (1), in 1943, and again in 1945, stated: 

**Stagonosporopsis Died, ^ Ascochyta (Sphaeropsid.) fide Petrak.** 

Diplodina, —The genus Diplodina was described by Westendorp 
(63, p. 562), in 1857. 

Diplodina solids, the type, was described as having hyaline 
fusiform spores with a single, central septum, and thus illustrated. 
In 1884, Saccardo (42, v. 3) assembled the characters of the genus 
Diplodina as follows: 

“Perithecia subcutanea vel erumpentia, globose-papillate, atra glabrescentia. 
Sporulae ellipsoideo-oblongae, 1-septatae, hyalinae.—Rst Diplodia hyalo- 
didymia.” 

It is this basic description of the genus Diplodina that Saccardo 
followed subsequently; likewise Lindau (29) in 1900. Allescher 
(2), also in 1900, followed the same description for the genus but 
tried to limit it to species on branches and stems and admitted that 
it was next to impossible to separate the genus from Ascochyta 
by morphological characters of the pycnidia. 

In 1902, Tassi (55) proposed a rather elaborate revolutionary 
system for these related genera. For the Hyalodidymae, he pro¬ 
posed (1) restricting Ascochyta to species with 1-septate, hyaline 
spores up to IS/x long and borne on leaves; (2) a new genus, 
Diplodinula, with similar spores on stems; and (3) restricting 
Diplodina to species with hyaline, 1-septate spores more than 15 fi 
long, apparently regardless as to whether on stems or leaves. 
Saccardo (42, v. 18), in 1906, disagreed with Tassi, but divided 
Diplodina into two sections as follows: 

“I. Eu’Diplodina {Diplodinula FI. Tassi). Species microsporac. 

II. Diplodaria, Species macrosporae; sporulae supra 15 m longae.” 

Diedicke (12), in 1912, separated Ascochyta and Diplodina on 
the basis of whether the pycnidia were on leaves (Ascochyta) or 
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stems (Diplodina). In 1915, Diedicke (13) separated these 
two genera by essentially similar characters. Hoehnel (22), in 
1923, used Diplodina in the inclusive sense essentially in the same 
manner as Saccardo (42, v. 3, p. 411), in 1884, except that he 
specified that the two cells of the spores be equal (‘'gleich- 
zweizellig”), and referred species with very unequal cells (‘'sehr 
ungleich-zweizellig*') to the genus Apiosporella Speg. Petrak 
(31), in 1925, in reviewing Hoehnel’s paper, again objected as 
follows: 

^^Diplodina in Sinne der meisten Autoren wird neben Ascochyta nicht 
aufrecht zu halten sein.” 

Buchwald (8), however, in 1939, separated Diplodina from 
Ascochyta by essentially the same characters used by Diedicke (13). 

Apiocarpella. —Spegazzini (45), in 1910, named a sphaeropsi- 
daceous genus Apiosporella and described it as follows: 

**Char. notis externis Ascochytae; sporulis excentrice septatis, loculo supero 
maximo infero minuto appendiculiformi, hyalinis.” 

Sydow, H. and P. (54), in 1919, however, substituted the name 
Apiocarpella for Apiosporella Speg. as the latter genus name was 
preoccupied by Apiosporella Hoehn., an ascomycetous genus. 
While Clements and Shear (9), in 1931, placed Apiosporella and 
Apiocarpella as synonyms under Ascochyta, Trotter (59), also in 
1931, Wehmeyer (62), in 1946, and Sprague (52), in 1948, recog¬ 
nized the genus Apiocarpella as distinct from Ascochyta, This 
seems justifiable especially because of the eccentric septum and the 
resulting unequal size of the cells of the spores. 

General considerations, —^With everything considered, the writers 
favor Saccardo's basic concept of the genus Ascochyta Lib., as 
given in 1884 (42, v. 3, p. 384), with the further specification that 
the 1-septate spores have the septum approximately centrally lo¬ 
cated. This permits the recognition of Apiocarpella Syd. as a 
valid genus. The writers also favor the usage of Davis (11) in the 
interpretation of septation. That is, sp^ies that have mature 
spores predominantly 1-septate, yet may havc'a few spores 2-septate, 
or even 3-septate occasionally, especially late in the season, are 
retained in the genus Ascochyta, This includes Stagonosporopsis 
as a synonym, which is in agreement with Petrak (31). 
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The writers also favor including in the genus Ascochyta, species 
with slightly colored spores. This is in essential agreement with 
Saccardo’s concept of the genus (42, v. 3) and also with that of 
Grove (19). Even in the type species, A. pisi, the senior writer 
has seen specimens on vetch with light brown spores. In corre¬ 
spondence in 1927, the late Dr. J. J. Davis attributed such slight 
coloring of otherwise hyaline spores to oxidation under conditions 
of intense sunlight. Other species also have slightly colored spores. 
This concept includes Ascochytella and Ascochytula as synonyms 
under Ascochyta, This is in agreement also with Petrak (31). 

There seems to be justification for grouping into a separate sec¬ 
tion of the genus Ascochyta, the species with spores predominantly 
slightly colored, as Saccardo did in 1906 and again in 1913 (42, 
V. 18, 22) as follows: 

“I. Eu-Ascochyta, Sporulae hyalinae. 

II. Ascochytella FI. Tassi (ut gen.). Sporulae dilute coloratae.” 

In the following pages, this plan will be followed. The plan 
using 3 sections, as suggested by Trotter (59), does not seem lo be 
justified. 

In the following pages, the species referred by some authors to 
the genus Diplodina will be included in Ascochyta as these genera 
essentially are synonyms, and the latter takes precedence. This too 
is in agreement with Petrak (31). 

Studies Conducted 

Specimens listed under each species and available foreign col¬ 
lections were the basis for taxonomic study. Approximately the 
same methods were employed in this study as in that on Septoria 
(48), although virtually no host range studies have been made 
and pure culture isolations were made from only part of the col¬ 
lections. 

The specimens collected before 1940 are filed in the Mycological 
Herbarium, Oregon State College, Corvallis, Ore., with duplicates, 
in part, in the Mycological Collections, Bureau of Plant Industry, 
Beltsville, Md. Specimens collected in the Northern Great Plains 
since 1939 are also filed at Beltsville and bear B.P.I. numbers in 
the 80,000 series. Material obtained since 1946 is filed in the 
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Dq)artment of Plant Pathology, State College of Washington, 
Pullman, Washington, in their collection series (C.S.) which, 
since 1947, has been changed to the Accession Series (A.S.)* 
Slides prepared with the aid of the Works Progress Administration 
at Corvallis also are filed at Beltsville and some duplicates at 
Pullman. 

The material studied totals 12 species or varieties of Ascochyta 
on 68 species of Gramineae. All but 8 of the 125 collections were 
obtained in twelve states as follows: North Dakota, 38; Oregon, 
19; Washington, 18; Montana, 8; Idaho, 7; Utah, 6; Colorado, 5; 
Minnesota, California, and South Dakota, 4 each; and Wyoming 
and Iowa, 2 each. Besides the collections studied, Seymour (44) 
reported A. graminicola on Calamagrostis canadensis (Michx.) 
Beauv., Poa annua L., Glyceria grandis S. Wats., and Agropyron 
smithii Rydb. The files of Mycologia also contain a few refer¬ 
ences to A, graminicola on Gramineae but in general very little in¬ 
formation is available on this group in the United States. Lefebvre 
and Howard Johnson (24) reported A, graminicola on Agrostis 
alba L., A, canina L., and Poa pratensis L. in the eastern United 
States. Preston (35) listed several additions from Oklahoma. 

Classification 

Section I. Eu- Ascochyta. Spores hyaline 
1. ascochyta sorghi Sacc. 

A. graminicola Sacc. 1878 (38) 

A, graminicola Sacc. spnsu Davis (11) 

A. graminicola var. hold Sacc. 1881 (41) 

A, graminicola var. leptospora Trail 1887 (57) 

A. graminicola var. hispanica Gonz. Frag. 1919 (17) 

A, graminicola var. diedickeana Baudys and Picb. 1926 (4) 

A, elymi Tehon and Daniels 1927 (56) 

Ascochyta sorghi is an obscure, late-winter parasite on the leaves 
of a number of grasses in Oregon and Washington. In the Rocky 
Mountains and Great Plains it develop^ in late summer, although 
at Mandan, N. Dak., it has been found" as early as mid-May, It 
is particularly common in the Columbia River Gorge in Oregon and 
Washington* particularly on the shaded Oregon side of the river. 

\3itQWW ot 
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colored lesions, mainly on the lower leaves or on the tips of foliage. 
Most of the material available is scanty. Sometimes, as on Hiero- 
chloe odorata (L.) Beauv., the fungus is actively parasitic. 

DESCRIPTION 

Pycnidia. Pycnidia are subglobose, erumpent, ostiolatc, 90-140 m in diam¬ 
eter, golden brown with darker oxidized cells adjacent to the ostiole. Mate¬ 
rial on Arrhenatherum elatius (L.) Presl. from near Corvallis, Ore., showed 
thin walls in cross section but the details of the pycnophores were not 
determinable. 

Pycnospores. Some collections have spores as small as 11-14 X 2.5-3.0 a* 
on Elymus condensatus Presl (fig. A) but the spores of others are some¬ 
what larger, ranging from 13-20 X 2.7-4.0 m. On Micro chloe odorata the 
spores are fusoid to ovate-fusoid or subcylindric, 13-19x2.7-4.0/* (fig. 1, 
B) ; those on Festuca rubra L. are subcylindric, 15-20 X 3.2-4.0/* (fig. 1, C) ; 
on Poa gracillima Vasey they are subcylindric, 17-21 X 3.2-4.1 /* [cfr. Pic- 
bauer (33) ; Hennings (21, extr. 13, 14)]; on Arrhenatherum elatius from 
Oregon they are subcylindric, 11-18x1.6-3.1/* (fig. 1, D), whereas the 
type of A. graminicola was described by Saccardo (38) on this host as 
having ovate-fusoid, hyaline spores 10-12x4/*. Material on Stipa viridula 
Trin. from near Webster, S. Dak., has spores 11-13x3.0-3.5/*, but they 
were faintly chlorinous (fig. 1, E). Spores in black pycnidia on Arena 
sativa L. from Tifton, Ga., also are cylindrical, 11-16 X 2.4-3.5/* (fig. 1, F), 
and material on Poa pratensis from Fargo, N. Dak. (fig. 1, (7), and on 
Festuca rubra from Mandan^ N. Dak., had spores 12-16 X 3-4/* (fig. 1, //). 
A yellow spored collection on Poa pratensis from Jackson, Wyo., may be 
different. 


DISCUSSION 

Ascochyta graminicola Sacc., originally described on Arrhena¬ 
therum avenaceum Beauv. (A, elatius) and its various varieties, 
have been used as a convenient place to assign Ascochyta-Wkt fungi 
on grasses. Collections in herbaria that are labeled A. graminicola 
include a few that are truly Ascochyta, but most of them are 
Darluca filum (Biv.) Cast., immature Hendersonia, Stagonospora, 
or Septoria, Darluca filum (Biv.) Cast, can be readily distin¬ 
guished under relatively low magnification by the large, mammi¬ 
form, frequently coalesced pycnidia growing in remnants of rust 
pustules. The spores are uniformly ovate, not cylindrical, broadest 
at the septum and, in some of the spores, the appendages can be 
vaguely seen. These deciduous appendages, however, often escape 
notice. 
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Davis (11) detailed the popular concept of A, graminicola as 
having subcylindric, fusoid to ovate-fusoid spores, 10-20 X 2.5- 
4.0/i, borne in distinctly parenchymatous pycnidia with fuliginous 
walls. Davis’ concept of the species and that of most workers 
would include var. hold Sacc. (41, p. 350) as well as A, graminicola 
var. diedickeana Baudys and Picb., A. elymi Tehon and Daniels, 
jind A. sorghi Sacc. it appears practical, therefore, to accept 
Davis’ widely recognized emended description of A, graminicola, 
were it not necessary to refer this group to the earlier described 
A, sorghi Sacc., which was described as having spores 14 X 3 /x 
(37, p. 302). 

Ascochyta graminicola var. hold Sacc. was described on Holcus 
lanatus L. from France as having spores 16-18 X 3-3.5 fi. Thus, 
as to spore size, it is in the upper ranges of A. graminicola but very 
close to A, sorghi. Much of the western material falls in this 
size range and, therefore, it is referred to A. sorghi (A. gramini¬ 
cola). 

Ascochyta graminicola var. diedickeana Baudys and Picb. was 
described (4) on Bromus tectorum L. from Bohemia as having 
spores 11-17 X 2.5-3,1 ft, thus easily within the range of A. sorghi 
(A. graminicola) to which it is referred. This fungus is definitely 
an active parasite and is rather common on Bromus carinatus 
Hook, and Arn. during early and mid-spring in western and inter¬ 
mountain Oregon. It produces brown-bordered lesions with paler 
centers and in severe cases a dark brown or nearly black general 
scalding of affected parts of the plant. Such material has been col¬ 
lected also on Bromus inermis Leyss. near Laporte, Minn. The 
pycnidia in a winter collection on B. carinatus at Hood Riv eryQi;e ., 
are thin-walled, golden, ostiolate, 120-145 ft in diameter'IS h c5n- 
tain subcylindrical spores (fig. 1, /). The collection on the same 
host from Whitson, Ore., has slightly coarser, more fusoid spores, 
15-20 X 3-4 ft (fig. 1, /), and another collection on B. inermis 
from Minnesota has smaller spores (fig. I, K), which is clearly re¬ 
ferable to A. sorghi (A. graminicola), anrf'the resemblance to the 
Oregon material on B, carinatus is strong. A. graminicola was re¬ 
ported also on B. cceuanillesii Willk. and Cynosurus aureus L. from 
Spain by Unamuno (61). 
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The variety diedickeana is not recognized as distinct because it 
differs from A. graminicola proper only in its strongly pathogenic 
nature, in the symptoms it produces, in its sometimes slightly nar¬ 
rower, straighter spores, and sometimes in its larger pycnidia, all 
of which characters are only relative. In passing, it is noted that 
symptoms induced by Stagonospora bromi Sm. and Ramsb. as 



Fig. 1. Spores of Ascochyta . 
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shown by a number of collections of this fungus on B. inermis made 
by John Hardison at Ann Arbor, Mich, and by Sprague in North 
Dakota are similar to those caused by A. sorghi (A, graminicola) 
on this host. 

Ascochyta sorghi (A, graminicola) was isolated from decayed 
basal leaf sheaths of Bromus inermis from McCanna, N. Dak. (47). 
/The senior writer isolated over 30,000 pure cultures of fungi from 
the roots and basal portions of Gramineae in the Northern Great 
Plains during a six year period without encountering this fungus at 
any other time. The growth on potato dextrose agar was firm, 
cottony, gray and fuliginous with pycnidia imbedded in the matrix. 
The spores were hyaline, cylindrical to fusoid-cylindrical, 12-16 X 
2.5-3.5 ft. Broadfoot (7) reported A, graminicola as occurring 
occasionally on the roots of cereals in Canada. 

Ascochyta elymi Tehon and Daniels was described (56) on 
Elymus virginicus L. from Illinois as characterized chiefly by its 
thin-walled, pale pycnidia. The spores were described as 10-14 X 
2-3 ft. The writers have not seen comparable material except on 
seedlings of Elymus canadensis L. growing on the banks of the 
Cannonball River, near Solen, N. Dak. We have, however, seen 
collections from several scattered points in the Rocky Mountains, 
also from Eugene, Ore., and from several places in the Northern 
Great Plains, which have spores 11-19 X 1.5-2.2 ft (fig. 1, L) 
but which have pycnidia with walls somewhat browner and thicker 
than described for A, elymi The one from Eugene, Ore., pro¬ 
duced, in pure culture, a mucose, flesh-colored growth with aber¬ 
rant, 1-septate spores, while material on Agropyron desertorum 
from Mandan produced a cottony, mottled, tawny and white 
growth. The Eugene, Ore., material is closer to Septoria elyfni 
Ell. and Ev. (48) while the material on A. desertorum (Fisch.) 
Schult. cannot be assigned to that species, but may belong with 
the A, sorghi group. 

Material of an Ascochyta leaf spot on Sorghum vulgare var. 
sudanense (Piper) Hitchc., collected by C. R. Ball in 1912 at 
Brookings, S. Dak., appears to be typical A, sorghi Sacc. (fig. 
1, M). In size and shape, the small, cylindrical spores, 11-12.5 X 
3.2-3.9 ft, are very similar to A, graminicola on Elymus condensatus 
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collected by G. Hamilton Martin at Pullman, Wash., in 1916 (fig. 
1, A). They are also similar to the smaller six)res of the material 
of A. graminicola on Avena sativa from Tifton, Ga., collected by 
C. L. Shear (fig. 1, F) and therefore all are assigned to A, sorghi 
(A, graminicola). 

In passing it should be added that A, graminicola var. hispanica 
Gonz. Frag. (17, p. 117) on Holcus lanatus L., which has ovate- 
fusoid spores, 9-11 X 2-2.5 /i, also is assignable to A, sorghi, while 
A. festucae-erectae P. Henn. (21, extr. 14) has still smaller spores, 
6-9 X 2.5-3.0 /it, and may be distinct. The fungus reported by 
Gonzalez Fragoso (18) on Hordeum sp. from near Guadarrama, 
Spain, as A. graminicola, with spores 7-9 X 3 /a, also may possibly 
be distinct. Another collection by Gonzalez Fragoso on Hordeum 
murinum L. from Seville, Spain, reported by Saccardo (43, p. 285) 
as A. graminicola, with spores 12-16 X 3-4/x, undoubtedly is A, 
sorghi, A confusion of immature stages of Hendersonia or Stago- 
nospora with A, graminicola is frequent and almost unavoidable 
without detailed culturing in many instances. For example, the 
senior writer has collected material on Agropyron smithii near 
Clyde, N. Dak., showing what looked like three fungi in close asso¬ 
ciation. Pure culture showed that they were all stages of Hender¬ 
sonia crastophila Sacc. 

Bisby et al. (5) reported A, graminicola on Agropyron smithii 
not far north of Clyde in Manitoba with spores 15-20 X 3-4/x, 
and in suggested varieties, up to 30-40 /x long. 

Excluded names: 

A, graminicola var. coeruleae Br. and Har. = Darluca filum 
(Biv.) Cast. 

A, graminicola var. ciliolata Sacc. = D, filum. 

Specimens examined: ^ On Agropyron desertorum (Fisch.) Schult, (B.P.I. 
81,022), Mandan, N. Dak., July 5, 1944; A. spicatum (Pursh) Scribn. and 
Sm. (B.P.I. 81,172), Belgrade, Mont., July 30, 1945; A. smithii Rydb. (A.S. 
17,024), Roosevelt N. For., Colo. (15-20 X 2-3 A* Aug. 9, 1948; Ayrostis 
alba L. (A.S. 17,006), Clearwater River, Idaho Co., Ida. (14-17 X2.8-3.5 aa), 

8 Specimens listed include only unreported or previously undetermined 
material; standard exsiccati and types are not repeated here. 

* Measurements of pycnospores obtained from the collection. 
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Aug. 1, 1948; A, scabra Willd., Priest Lake, Ida.; Arrhenatherum elatius 
(L.) Presl (O.S.C, 21), Corvallis, Oregon (11-18 X 1.6-3 m), Dec. 15, 
1937; Avena sativa L., Tifton, Ga. (12-16 X 2.3-3.4m), April 11, 1931 (C. L. 
Shear); Beckmannia sysigachne (Steud.) Fern. (B.P.I. 80,620), Lisbon, 
N. Dak. (11-17x3.4-4.2/*), 1939; Bromus carinatus Hook, and Arn., 
Whitson, Yamhill Co., Ore., June 17, 1939 (O.S.C. 689) (15-20 X 3-4/*); 
Hood River, Ore., Feb. 26, 1935 (O.S.C. 10,200) (13-19 X 2.6-3.5/*); (A.S. 
20,042), Pullman, Wash., June 8, 1943; and (C.S. 3,619), Logan, Utah, June 
6, 1947; Bromus inermis Leyss. (B.P.I. 80,270), McCanna, N. Dak., May 
'22, 1940; (B.P.I. 80,166), U Porte, Minn. (11-13X1.9-2.6/*), June 4, 
1941; Lexington, Ky. (13-16x2.5-3.8/*), Oct. 1942; and (B.P.I. 80,621), 
Mandan, N. Dak., April 3, 1942; B. tectorum L. (B.P.I. 81,047), Detroit 
Lake, Minn., June 18, 1944; Elymus canadensis L., 25 miles west of Billings, 
Mont. (11-17x1.5-2.0/*), July 19, 1941 (B.P.I. 80,275) (B.P.I. 80,223), 
Cannonball River near Solen, N. Dak., April 17, 1941, and (B.P.I. 81,183), 
Kingdom City, Mo. (13-16x3.2-3.9/*), March 26, 1946; E. condensatus 
Presl, J. H. Martin 794, Pullman, Wash., Feb. 1916 (11-13.5 X 2.(>-2.7/*) ; 
Festuca rubra L., Newport, Ore., Dec. 18, 1937 (15-20 x 3-4/*) (O.S.C. 
35); Mandan. N. Dak. (12-16 X 3.9-4.2/*), Sept. 9. 1940; Mandan. N. Dak.. 
Sept. 14, 1940 (B.P.I. 80,034) ; and Garibaldi, Ore., June 23, 1937 (O.S.C. 
8,377) (15.5-20X 3.2-4.0/*); Hierochloe odorata (L.) Beauv. (B.P.I. 

80,271), Mandan, N. Dak. (13-19x2.7-4.0/*), May 15, 1940; Mandan, 
N. Dak. (14-18X3.4-3.8/*), May 30, 1916; and (B.P.I. 80,322), Rapid 
City, S. Dak., May, 1941; Hordeum murinum L., Culdesac Grade, Ida. 
(C.S. 3,612), June 4, 1947; H, nodosum L., Hunter, Alaska (15 X 2.4-3.0/*) ; 

H. jubatum L. (B.P.I. 81,187), Panora, Iowa; H, jubatum X Agropyron 
trachycaulum (Lk.) Malte (Elymus macounii Vasey) (B.P.I. 81,046), north 
of Wilton, N. Dak., Aug. 3, 1944; and Townsend, Mont., Aug. 21, 1941; 
Melica bulbosa Geyer (A.S. 20,059), Shoshone Natl. For., Wyo. (13-18 X 
2.3-2.8/*); Panicum capillare L. (C.S. 3,316), Madison, Wise., Oct. 1946; 
Poa bulbosa L. (C.S. 3,446), Pullman, Wash., April 4, 1947; P. gracillima 
Va.sey (O.S.C. 10,280), Horse Tail Falls, Ore. (17-20x2-4.10/*), May 
14, 1935; (O.S.C. 10,939), Hood River, Ore. (16-20x3.2-4.0/*), March 10, 
1937; and Multnomah Falls, Ore. (16-19x3-4/*), May 15, 1935; P. pra- 
tensis L. (B.P.I. 20,273), Fargo, N. Dak. (12-15.5 X 3-4/*), Sept. 15, 1940; 
Jackson, Wyo. (12.8-14X3-3.8/*), Sept. 15, 1940; (B.P.I. 81,185), Panora, 
Iowa, Mar. 27, 1946; P. secunda Presl, Belfield, N. Dak., June 19, 194J5, 
and (O.S.C. 8,087), Maryhill Grade, Wash., Feb. 26, 1935; Sclerochloa dura 
(L.) Beauv. (C.S. 3,622), Culdesac Grade, Ida., June 4, 1947; Sitanion 
hystrix (Nutt.) J. G. Sm., Mt. Hood, Ore., July 4, 1936; S. jubatum J. G. 
Sm. (CS. 17,162), Withrow, Wash. (14-17 X 2.^|^), June 22, 1948; 
Sorghum vulgarc var. sudanense (Piper) Hitchc. J^kings, S. Dak. (11- 
12,5X3.2-3.9/*), July 29, 1912 (C. R, Ball); ^tipa occidentalis Thurb. 
(C*S. 3,540), Malheur Natl. For., Ore., June 25, ^47; Stipa viridula Trin. 
(B.P.I. 80,277), Webster, S. Dak. (11-13X3.0^.5/*), June 6, 1941; Tri- 
setum canescens Buckl. (A.S. 17,002), Idaho Co., Ida. (14-17x2.8-3.5/*), 
Aug. 1, 1948; and (A:S. 20,144), Idaho Co., Ida. 01-17x2.6-3.5/*), Aug. 

I, 1948. 
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2. ASCOCHYTA PHLEINA SpragUC 

Ascochyta phleina, which has been described elsewhere (SO), 
causes tawny spots on the leaves of Phleum pratense L. collected 
near Lake George, Niawa, Minn. (B.P.I. 80,920). The spores are 
cylindrical, tapering slightly toward the rounded ends, not con¬ 
stricted at septa, 11--16 X 1.5-2.2 (fig. 1, N). This species has 
a stouter pycnidium than that of A. elymi and the spores are nar¬ 
rower than in the type of the latter. It appears to be moderately 
parasitic. 

3. ASCOCHYTA DESMAZIERI Cav. 

Ascochyta desmasieri also has been discussed elsewhere (48, 
49). It is an important parasite of Lolium spp, in the Willamette 
Valley, Oregon, and occurs also in western Washington. W. B. 
Cooke also sent us material from the vicinity of San Francisco, 
Calif. It occurs on both L. perenne L. and L. multiflorum Lam. 
in these areas, but is most prevalent on the latter host. The typi¬ 
cal, truly cylindrical spores (fig. 1,0) and the well defined choco¬ 
late brown spots distinguish this species. 

Specimens examined: On Lolium multiflorum Lam. (O.S.C. 10,217), Cor¬ 
vallis, Ore. (13-15 X2.4-2.6/ii), Jan. 10, 1935; (O.S.C. 10,235), Corvallis, 
Ore. (12-18 X 2.4-3.1 a), Jan. 8, 1935; (O.S.C. 10,122), Corvallis, Ore. 
(12-17 X 2.4-2.9M), Jan. 20, 1934; (O.S.C. 733), Corvallis, Ore. (13-18 X 
2.3-3.0m), Dec. 8, 1939; and Puyallup, Wash. (A.S. 3,931), June 7, 1948; 
L. perenne L. (O.S.C. 10,219), Corvallis, Ore., Dec. 15. 1934; (Cooke 
16,503), near San Francisco, Calif. (15-20 X 2.3-2.8 m). 1941. 

4. Ascochyta brachypodii (Sydow) comb. nov. 

Ascochyta graminicola var. brachypodii Trail, 1887 (57) 

Diplodina brachypodii Sydow, 1916 (53) 

This fungus was described by Trail (57) in 1887 as Ascochyta 
graminicola var. brachypodii on Brachypodium sylvaticum (Huds.) 
Beauv. from Scotland as having slightly fusoid spores, with blunt 
ends, 15-17 X 5/1. Sydow (53), in 1916, described apparently 
the same fungus as Diplodina brachypodii on B, sylvaticum from 
Germany as having cylindric-fusoid, hyaline, obtuse ended spores 
16-22 X 5-6 fi. It is evident, therefore, that these two names 
apply to the same fungus, which differs distinctly from Ascochyta 
sorghi (A, graminicola). 
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Much of our western material is represented by small collections 
with scattered pycnidia. Spores vary somewhat in the several 
collections (figs, 1, P, Q, R, S). Most of them indicate weak 
parasitism of the associated fungus, but one collection made on 
Stipa viridula from Sprague Siding, Minn., appears to be actively 
parasitic (B.P.I. 80, 567). 

Ascochyta graminicoja var. aciliolata Aim. and Camara (3) on 
Lolium italicum L., L. perenne L., and Festuca pratensis A. Br. 
from Portugal has oblong, cymbiform spores 15-18x4.5-6.0/*. 
Gonzalez Fragoso (16, p. 699), who probably had access to the 
type, listed it from Spain on Avena filifolia Lag. var. scabra Wk. 
with spores 21 X 7 /*. On the basis of spore size, var. aciliolata 
apparently is not assignable to A, hrachypodii. 

The writers have studied two collections, one on Andropogon 
gerardi Vitman (A. jurcatus Muhl.) (B.P.I. 80,283) and the 
other on Sorghastrum nutans (L.) Nash (B.P.I. 80,878), that 
have broadly spindle-form spores (fig. 1, T), which appear some¬ 
what different from A, hrachypodii. Material from Sorghastrum 
nutans, however, which had the characteristic spindle-form spores 
on the host, eventually produced cylindrical pycnospores 15-21 X 
4.2-5 ft that were identical with those of A, hrachypodii when grown 
in culture on sterilized culms of crested wheatgrass. For this 
reason the writers hesitate to name the material on A. gerardi and 
5. nutans as new until further collections are available. Therefore, 
even though obviously somewhat different, the fungus on these two 
grasses is tentatively included under Ascochyta hrachypodii, but 
the following special description is given: 

Spots oblong, striate or diffuse, sordid isabelline to ashy or fawn 
colored in center, emarginate or sometimes bordered with rufous 
to vinaceous pigmented areas, pycnidia subnumerous, more or less 
gregarious, creosote brown, finally parenchymatous, sunken, later 
erumpent, globose to sub-mammiform, ostiole small, slightly pro¬ 
truding, ringed by darker cells, 95-144 /*; pycnospores (in nature) 
spindleform, straight, ends pointed, slightly constricted at the 1 
(rarely 2) septum, contents 2-several gutt^late (1-2/t diameter), 
hyaline or faintly tinted, 17-21 X 4.2-5.0/x. On living leaves of 
Andropogon gerardi at Mandan, N. Dak., June 10, 1941, and on 
Sorghc^irum nutans, Mandan, Sept. 14, 1943. This fungus was 
first collected during a humid period at Mandan and appears to 
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be moderately parasitic in the somewhat fragmentary material thus 
far available. The spores on A. gerardi (fig. 1, T) are definitely 
larger than those of Ascochyta ischaemi Sacc. (10 X 4.5 /x), which 
occurs on Andropogon ischaemum L. in Italy. 

In this connection, it may be added that some time ago, we re¬ 
ceived from W. W. Ray a collection of a species of Stagonospora 
similar to St, ischaemi Sacc. This collection, which was made by 
K. Starr Chester on Andropogon gerardi near Stillwater, Okla., 
had 3-septate, fusiform, chlorinous spores 16-18 X 2.7-4.2/x (fig. 
1, IJ) borne in well-defined tawny spots. Preston (35) has re¬ 
ported St. ischaemi on A. jurcatus Muhl. A. gerardi) from 
Oklahoma. This appears to be the most satisfactory place to file 
this species at present. Since the North Dakota Ascochyta col¬ 
lection (fig. 1, T) has larger spores than St, ischaemi and is only 
1-septate, it is considered distinct from it. 

Specimens examined: On Andropogon gerardi Vitman (B.P.I. 80,283), 
Mandan, N. Dak. (17-21 X 4.2-5.0At), June 10, 1941; Arena saliva L., Dick¬ 
inson, N. Dak., 1946; Chloris virgata Swartz (B.P.I. 80,867), Mandan, N. 
Dak. (16-20 X 4.4-4.9m), Aug. 27, 1943; Lolium perenne L. (O.S.C. 10,239), 
near Troutdale, Ore. (15-18 X 3.5-4.3 m), Feb. 26, 1935; Melica virgata 
Turez., Mandan, N. Dak., July 10, 1945; Phalaris arundinacea L. (B.P.I. 
80,282), Mandan, N. Dak. (16-20 X 4.3-4.7m), Oct. 1, 1941; Pleuropogon 
refractus (A. Gray) Benth. (O.S.C. 197), Bergsvik Creek, Ore. (17-20 X 
4.5-4.7 m), May 16, 1938; Poa cusickii Vasey (C.S. 3,901), Cow Creek, Ore., 
April 6, 1948; Sorghastrum nutans (L.) Nash (B.P.I. 80,878), Mandan, N. 
Dak. (15-21 X 4.2-5.0 m). Sept. 14, 1943; Stipa comata Trin. and Rupr. 
(B.P.I. 80,272), Hebgen Lake, Mont. (18-23 X 4.0-4.3 A*), Aug. 17, 1941; 
S. viridula Trin. (B.P.I. 80,567), Sprague Siding, Minn. (15-18 X 4.3-5.4m), 
June 17, 1939. 

5. Ascochyta graminea (Sacc.) comb. nov. 

Diplodia graminea Sacc. 1881 (40) 

Diplodina graminea Sacc. 1884 (42) 

Ascochyta boutelouae Fairman 1918^15) 

Ascochyta cynodontis Unam. 1929 (60) 

Diplodina graminea Sacc. was described originally by Saccardo 
(40, p. 267) as Diplodia graminea on Cynodon dactylon (L.) Pers. 
from Padua, Italy, and later (42, v. 3) transferred to the genus 
Diplodina. It was described as having oblong spores 15-16 X 
5-7 ft borne in minute pycnidia. Diehl (14) reported this species 
bn this grass from South Carolina in 1935,, with spores 11-13 X 
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4-5 ft. In May 1939, the senior writer collected material on the 
same grass near Davis, Calif., which appears to be the same 
species as that reported by Diehl. It contained subsuperficial 
pycnidia scattered among Helminthosporium cynodontis Marig. 
The pycnidia were dark brown, tardily ostiolate, long-ellipsoidal, 
100-160 X 50-90 ft. The pycnidial wall was composed of large 
polygonal cells. The spores are distinct from those of the Asco- 
chyta sorghi (A. graminicola) group. They are oblong-ellipsoid, 
1-septate, clear-hyaline but with a hint of smokiness in mass, 11-18 
X 3.9-5.0ft (FIG. 1, V). 

Ascochyta cynodontis Unam. (60), which appears to be the same 
fungus, has been described from Spain on Cynodon dactylon, 
Unamuno reported immersed, globose-depressed, brown, fuliginous 
pycnidia 88.5-125 X 53.5-67.8 ft with hyaline, ellipsoid, 1-septate 
spores, 12-18 x 3.5-4 ft. 

What appears to be the same species or a form of it occurs on 
Bouteloua gracilis (H. B. K.) in the western United States 
in the Rocky Mountains and eastward. This fungus, Ascochyta 
boutelouae Fairman (15), was described from the mountains of 
New Mexico with hyaline or greenish hyaline spores 17-20 X 
6-7 ft. Most of the plains material in North Dakota, however, has 
spores 15-18 X 4.5-6 ft and like the Cynodon material, the spores 
have a hint of smokiness in mass, as well as having the same oblong- 
ellipsoid shape (fig. 1, V and W). 

The pycnidia of A. boutelouae were described as being either 
smalL (55 ft) or often oblong (90-150 fi). They are, therefore, 
similar to the material on Cynodon from Davis, Calif. The mate¬ 
rial collected on Bouteloua in North Dakota has similar, elongated 
pycnidia. The writers feel, therefore, that only one species i» in¬ 
volved, notwithstanding the fact that the fungus on Bouteloua tends 
to have slightly broader spores. 

The DiplodinaAikt, or carbonaceous conditidu of the pycnidia 
is attributable to the siliceous nature of the substratum, particu¬ 
larly on Cynodon, The writers refer thin^ species to the genus 
Ascochyta, This species apparently is weakly, if at all, parasitic. 

Specifnens examined: On Bouteloua gracilis (H. B. K.) Lag, (B.P.l. 
80,578), Mandan, N. Dak. (15-18 X 4.5-6.0m), June 20,1041 (B.P.L 80,221), 
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Pingree, N. Dak. (15-17 X 4.S-4.0 n), July 30, 1941; Cynodon dactylon (L.) 
Pers. (O.S.C 10,910A), Davis Jc., Calif. (11-18 X 3.9-5.0 m), May 17, 1939. 

6. ascochyta soRGHiNA Sacc. 

Ascochyta sorghim was described by Saccardo (39), in 1878, 
on leaves of Sorghum vulgare L. from Italy as follows: 

Maculis longitudinaliter oblongis arescendo fuscis, sanguineomarginatis; 
peritheciis dense gregariis, globoso-depressis, papillulatis pro genre majuscu- 
lis; spermatiis oblongo-ellipsoideis, 20 X 8, 1-septatis, leniter constrictis, 
minute pluriguttulatis, hyalinis. 

Obs. Ab. A. seina peritheciis majoribus, spermatiis pluriguttulatis etc. 
recedere videtur. 

This description was repeated verbatim by Saccardo (42, v. 3) 
in 1884.* The large, blunt pycnospores (fig. 1, X) are strikingly 
different from those of A. sorghi, as are also the pycnidia. The 
pycnidia of A, sorghim are so large that they protrude so con¬ 
spicuously that they make the lesions feel rough to the touch. Be¬ 
cause of this, the name *‘Rough Spot"' has been applied by Leukel 
et al, (25) to the disease caused by this fungus. A, sorghim at¬ 
tacks not only various varieties of sorghum but also Sudan grass 
{Sorghum vulgare sudanense) and Johnson grass {S. halepense 
(L.) Pers.) in the southeastern United States. 

Ascochyta spartinae Trel. (58). This species was transferred 
to the genus Septoria as S, spartime (Trel.) Sprague (48) because 
the hyaline spores were l~3-septate and too long in proportion to 
their width (35 X 3 fi) for the genus Ascochyta. 

Section II. Ascochytella Tassi. Spores slightly colored 

7. Ascochyta subalpina sp. nov. 

Maculis nullis, pycnidiis depresso-globosis usque mammiformibus, nigro- 
brunneis, ostiolatis, erumpentibus 90-210 M diam.; pycnosporulis cylindraceis, 
utrinque rotundatis, hyalinis v. chlorinis, guttulatis, 1-septatis, 11-18 X 1.9- 
3.0 A*. 

Hab. in foliis emortuis Deschampsiae elongatae, Mt. Rainier National Park, 
Wash.; Distichlidis strictae, Marion, Montana (B.P.I. 80,045, typus); 
Orysopsidis asperifoliae, Spearhsh Creek, S. Dak. 

Spots none, pycnidia globose-depressed to mammiform, black to 
brown, strongly pigmented with well developed ostioles and closely 
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knit walls, very strongly erumpent, scattered to loosely grouped, 
90-21 Oft; pycnospores cylindrical with straight sides and blunt, 
rounded ends not constricted at the single, central septum, context 
at first hyaline with few or no oil droplets, later with small greenish 
to pale, yellow-brown droplets and one moderate sized oil droplet 
in each cell, very numerous, fairly uniform in size, mostly 12.5 X 
2.2 ft, ranging from 11-18 X 1.9-3.0 ft. 

This fungus was found on a herbarium specimen of Distichlis 
stricta (Torr.) Rydb., (N-9-105), filed in the Soil Conservation 
Service collections at the Northern Great Plains Field Station, 
Mandan, N. Dak. The specimen was collected by G. L. Weber, 
July 7,1936, in the mountains near Marion, Montana. The type is 
a fragment (B.P.I. 80,045) taken from this herbarium specimen. 

Ascochyta subalpina apparently is an overwintering saprophyte. 
On Distichlis stricta, it is associated with Leptosphaeria sp., 
Mycosphaerella sp. and with Puccinia aristidae Tracy. The fun¬ 
gus is characterized by its cylindrical, capsular spores (fig. 2, A), 
These spores differ from those of A, phleina, which are hyaline 
and taper slightly toward the ends. The spores of A. subalpina 
are narrower than those of the A, sorghi (A. graminicola) group 
and in addition are tinted. The ends of the spores are blunt and 
do not tend to be sublanceolate as in the one-septate phase of 
Septoria oudemansii. A, subalpina is not to be confused with 
Hendersonia culmicola var. minor Sacc. because the juvenile form 
of this variety has narrowly fusoid or lanceolate, pale yellow, 
1-septate spores. 

Specimens examined: Deschampsia elongate (Hook.) Munro, Mt. Rainier 
National Park, Wash., Sept. 21, 1946 (15.5-18 X 1.9-2.4 m) ; Distichlis stricta 
(Torr.) Rydb. (B.P.I. 80,045), Marion, Mont, (type), July 7, 1936 (11-13 
X2.0-2,4/i*); Orysopsis asperifolia Michx. (B.P.I. 81,190), (Upper) Spear- 
fish Creek, S. Dak., June 27, 1946 (12-16 X 2.(>-3.0 m). 

8. ASCOCHYTA AGROPYRiNA (Fairmfin) Trotter 

Ascochyta agropyrina was described originally by Fairman (15) 
as Ascochytula agropyrina Fairman on Agropyron bakeri E. Nels. 
from the mountains of New Mexico. It has very large globose 
pycnidia, 250-320 ft in diameter, and ol^ong-cylindrical, flavid to 
greenish, finally light brown spores, 17-23 X 6 ft. Trotter (59) 
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transferred the species to the genus Ascochyta as he did not recog¬ 
nize Ascochytula as a genus. 

The specimens available on species of Elymus and Agropyron 
that we are assigning to Ascochyta agropyrina are variable. One 
collection on E. virginicus from Mandan, N. Dak., has brown, 
later tawny spots in which prominent black pycnidia occur, 130- 
165/A in diameter. The spores in this collection are hyaline to 



Fig. 2. Spores of Ascochyta. 


greenish with relatively homogeneous contents, subcylindrical with 
one cell tending to be smaller and sharper pointed than the other, 
19-21 X 5.5-6.2 fi (fig. 2, B). The other collections, several from 
Mandan, N. Dak., and westward, show spores somewhat smaller 
than typical for the species, but most of them are summer spores, 
which usually average smaller than spores formed during cooler 
seasons of the year. The spores are yellow to pale brown, 14-19 
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X 4.5-6.2ft (fig. 2, C , Z>). Much of this material appears to be 
saprophytic or essentially so. A collection on Agropyron sub- 
secundum (Link) Hitchc. from Pullman, Washington, however, 
is associated with fuscous spots with red vinaceous borders. The 
spores in this collection are very pale yellow, but of the stout, 
broadly cylindrical outline characteristic of Ascochyta agropyrina 
(fig. 2, £). 

Specimens examined: On Agropyron caninum (L.) Beauv. (B.P.I. 80,263), 
Mandan, N. Dak., June 13, 1941; and Mandan, N. Dak. (15-20 X 4.5-5.2m), 
July 1, 1941; A. cristatum (L.) Gaertn. (B.P.I. 80,265), Forsythe, Mont., 
Aug. 14, 1941; (B.P.I. 80,619), Mandan, N. Dak., July 7, 1941; and (C.S. 
3,941), Pullman, Wash., June 14, 1948; A. michnoi Roshev., Mandan, N. 
Dak., July 1, 1941; A, semicostatum (Steud.) Nees, Pullman, Wash. (15-18 
X4.5-5.0m), July 15, 1941; and (B.P.I. 80,173), Mandan, N. Dak. (15.5-19 
X 4.8-5.0m), June 13, 1941; A. sibiricum (Willd.) Beauv., Mandan, N. Dak. 
(13-21 X 4.4-5.6m), July, 1943; A, smithii Rydb., Forsythe, Mont. (15-18 
X5.0-6.2m), Aug. 14, 1941; A. spicatum (Pursh) Scribn. and Sm., Bel¬ 
grade, Mont., Aug. 1948; A. subsecundum (Lk.) Hitchc. (B.P.I. 80,267), 
Mandan, N. Dak. (14-17.4 X 4.5 -5.0 m), June 13, 1941; and Pullman, Wash., 
1941; A. trachycaulum (Lk.) Malte (B.P.I. 80,226), Lawton, N. Dak., July 
29, 1941; (B.P.I. 81,119), Dundurn, Sask., Aug. 3, 1941; and (A.S. 20,129), 
Pass above Sheep Creek, Utah, Aug. 4, 1948; A, trichophorum (L.) Richt. 
(B.P.I. 80,266), Mandan, N. Dak. (17-19 X 4.7-5.4 m) , June 13, 1941; Elymus 
canadensis L. (B.P.I. 80,264), Mandan, N. Dak., June 13, 1941; E. inrginicus 
L. (B.P.I. 80,261), Mandan, N. Dak. (19-21 X 5.5-6.2m), June 13, 1941. 

9. ASCOCHYTA UTAHENSIS SpragUC 

Ascochyta utahensis, which has been described elsewhere (51), 
has very large, lightly tinted spores 22.6-29 X 6.6-10 fi. Unlike 
A. agropyrina, it occurs in well defined spots and apparently is 
actively parasitic. It occurs on Agropyron inerme (Scribn. and 
Sm.) Rydb. (type) in Utah and A, trachycaulum in Wyoming and 
Colorado. It was found in three locations in the mountains of 
Colorado. 

10. ASCOCHYTA HORDEI I^ra 

Ascochyta hordei has been discussed previously (51). Accord¬ 
ing to Ideta (23), it was described by** Kara (20) in Japan ap¬ 
parently on wheat and barley. (The writers have not seen the 
original paper.) Ideta reports that the fungus causes round or 
irregular spots on the leaves of barley and rye,-.especially in March 
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and April. He reports spherical to sub-spherical pycnidia 100- 
150/i in diameter and 1 -septate, hyaline or yellowish, oval, egg- 
shaped or cocoon-shaped spores with both ends rounded, 17-28 X 
4-6 /i. 

Certain collections in some of the Western states on Bromus 
carinatus, Festuca elatior L., Holcus lamtus, Hordeum murinum, 
and H, vulgare L. fit the above description fairly well and are, 
therefore, tentatively referred to this species. If the original de¬ 
scription or the type specimen can be made available, possibly it 
may be found desirable to segregate some of the above material as 
a variety, as the spores, particularly on Holcus lanatus and 
Hordeum vulgare, are somewhat less obtuse at both ends and also 
somewhat more colored than those on the other hosts. 

This species is apparently a winter parasite or saprophyte on 
winter barley {Hordeum vulgare) growing on the wind-swept high 
prairie region (46, fig. 1, A and 2, A) in Klickitat County, Wash¬ 
ington, adjacent to the Columbia River. The collection on Holcus 
lamtus was made several miles away on the floor of the valley 
below High Prairie, Washington. 

Two collections on Holcus lanatus had broadly fusiform to ellips¬ 
oid spores 20-27 X 5-7 /a (fig. 2, F), with small oil droplets ad¬ 
jacent to the septum. On Hordeum vulgare, the spores were 
slightly larger, 19—29 X 5—8 .9 /a (fig. 2, G), The pycnidia were 
subgloixise 120-160/A in diameter, clustered in gray to ill defined 
areas on dead leaves. This fungus apparently is slightly less 
rugged on Holcus lamtus than on Hordeum vulgare, but on both 
hosts is very distinct from A, sorghi on H, lamtus, which was re¬ 
ported by Gonzalez Fragoso (17, p. 117) on H, lanatus as Ascoch¬ 
yta graminicola var. hispanica, with spores 9-11 X 2-2.5 fi, as pre¬ 
viously noted. 

PURE CULTURE STUDIES 

Isolations of Ascochyta hordei were readily obtained from barley 
leaves. After 15 days at 42° F., the colonies on potato dextrose 
agar were 7—10 mm. in diameter. From below, they were olive 
green with many black pycnidial initials scattered through the 
substratum. From above they were olive-gray, loose, and velvety 
with a heavier ring of growth near the margin. The mycelia, 
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which consisted of rugged rectangular cells, were smoky and 
coarse, with hyphae 4-5.5 /a in diameter. Older transfers pro¬ 
duced a moderately cottony, medium gray-brown colony with a 
darker substratum. Pycnidia were scattered through the mycelial 
mats but most of them formed at the edge of the colonies where the 
hyphae contacted the glass. Typical yellow-brown spores were 
produced in pure dulture (fig. 2, //). Pycnidia were produced 
sparingly or not at all one year after isolation. Lighter buff to 
isabelline tones of staling hyphae had developed on the gray and 
brown mycelia. The cultures were similar macroscopically to one 
of the isolations of Hendersonia graminis McAlp. isolated from 
wheat in Oregon and Washington. 

Inoculations on six weeks old seedlings of Olympia barley, 
Winter Turf (Gray Winter) oats (Avena sativa), and Golden 
wheat (Triticum aestivum L.) with sporulating pure cultures of 
Ascochyta hordei and with barley leaves with pycnidia gave nega¬ 
tive results under cool greenhouse conditions at Corvallis, Oregort. 
At most, the fungus apparently is a weak parasite on over-wintering 
plants. It is relatively common on barley in the High Prairie area 
of Washington in early April just after the snow has melted. 

Specimens examined: On Bromus carinatus, Logan, Utah (C.S. 3,852) 
(17.8-21 X 5.3-7.1 m) ; and near Otis Orchards, Washington (C.S. 19,981), 
March 22, 1947; Fcstuca elatior near Logan, Utah (C.S. 3,682 and 3,856) 
(16-22 X 4.8-6.2m), June 7, 1947; Holcus lanatus near Bingen, Wash., Feb. 
26, 1935 (O.S.C. 8,081) (20-27 X 5-7 m) ; and near Bingen, Wash., Feb. 26, 
1935 (O.S.C. 8,089) (20-25 X 6-7 ; Hordeum murinum, Riggins, Idaho 

(C.S. 3,677), June 4, 1947; H. vulgare. High Prairie, Wash., March 30, 
1937 (O.S.C. 10,959 and B.P.I. 80,280) (20-27 X 5.0-7.7/i*) ; High Prairie, 
Wash., March 20, 1939 (O.S.C. 771) (19-29 X 5.2-8.7m) ; Phleum phleoides 
(L.) Karst., Pullman, Wash., May 1, 1948 (C.S. 3,923); Stipa robusta 
Scribn., Cedaredge, Colorado, August 6, 1948 (A.S. 17,087). 

11. ASCOCHYTA AVENAE (Petrak) Sprague and A. G. Johnson 

Ascochyta avenae (Petr.) Sprague and Ai.:G. Johnson {Ascochy- 
tella avenae Petrak) has been briefly discussed previously (51). 
It has been collected twice in the faf west, once in late winter 
(March 13,1935) on red oats (Avena byzantina C. Koch) at Trout- 
dale, Oregon (O.S.C. 10,243), and ottce in summer at Pullman, 
Wash., on wild oats (Avena jatua L.). When collected,' the 
Or^on material had hyaline, 1- to 2-septate spores, 17-26 X 
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6i2~7 /i, but a year later they had become slightly yellow tinted. 
An attempt was made to compare them with the type of Ascochy- 
tella. avenae Petrak but the specimen available to the writers dis¬ 
closed only telia of Puccinia coronata Corda. The Oregon mate¬ 
rial answers Petrak’s (31) carefully detailed description. The 
Oregon specimen has prominent, dark pycnidia 100-140 ft, borne in 
pale, necrotic spots on the overwintering leaves. The spores (fig. 
2, /) were irregularly cylindrical to fusoid with rounded ends and 
coarse granular contents. The collection from Washington ap¬ 
pears to be summer material of the same species. There was 
present also an associated MycosphaerellaAike fungus but it was 
too immature to identify. 

Ascochyta avenae is related to A. agropyrina (Fairman) Trotter. 

12. Ascoch 3 rta missouriensis sp. nov. 

Maculis griscis, emarginatis saepe nullis; pycnidiis sparsis, nigris, erumpen- 
tibus, subpapillatis, 80-120 m; pycnosporulis cymbiformibus, ad septum con- 
strictulis, apicibus subacutis, 1-septatis, hyalinis, guttuHs plus minusve con- 
spicuis flavis tinctis, 15-19 X 6-8 m. 

Hab. in foliis dejectis Panici virgati, Wilton, N. Dak. (B.P.I. 80,279, 
typus). 

The species is characterized by thick, short, l)oat-shaped spores, 
which are slightly constricted at the septa and have rather sharp 
ends (fig. 2, /). The inclusions are yellow, several to a cell, and 
comparatively prominent. Technically this species has hyaline 
spores but the yellow inclusions tend to give it a tinted appearance. 
It is therefore placed in section Ascochytella as the spores are 
coarse and the inclusions yellow. It seems, therefore, to belong 
with this group rather than with the strictly hyaline group, £«- 
Ascochyta, 

This species is probably of little economic importance. The 
senior writer has collected fragmentary material of this species 
several times on leaves of Panicum virgatum L. in the vicinity of 
Mandan, N. Dak. The type consists of a few selected leaves of 
authentic material plus a considerable quantity of undifferentiated 
material from the same collection. The fungus never appears to 
be common. This species has been collected also on Panicum 
dichotomiflorum Michx. at Ft. Totten, N. Dak. 
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Ascochyta ntissouriensis is named for the Missouri River near 
which it was found. 

Specimens examined: On Panicum virgatum L. (B.P.I. 80,279), near 
Wilton, N. Dak., Sept. 15, 1941 (15-19 X 6-8 m) ; Mandan, N. Dak., Sept. 
20, 1944 (15-18 X 6.0-7.6AI) ; and near Mandan, N. Dak., Sept. 6, 1945 
(16-18 X 6-7 m) ; P. dichotomiflorum Michx., Ft. Totten, N. Dak., Aug. 4, 
1944. 

Summary 

The genus Ascochyta is considered as including sphaeropsida- 
ceous species with chiefly 2-celled, hyaline or slightly colored spores 
(Sections; I, Eu~Ascochyta; II, Ascochytella), This includes the 
following genera: Ascochytella Tassi, Ascochytula Died., Stago- 
nosporopsis Died., and Diplodina West. 

The following key will serve to segregate the species of As¬ 
cochyta on Gramineae that have been studied. 

Section I. Eu-Ascochyta : Spores hyaline 

A. Spores chiefly less than 4.0/* in diameter 

B. Spores rather narrowly fusiform—ellipsoid 

C. Spores chiefly 2.5/* or more in diameter.1. A. sorghi 

CC. Spores chiefly less than 2.5/* in diameter_2. A. phleina 

BB. Spores narrowly cylindrical with blunt ends....3. A. desmazicri 
A A. Spores chiefly more than 4,0/* in diameter 

B. Spores chiefly less than 5.0 /* in diameter, rather broadly cylindri¬ 


cal with tapering ends.4. A. brachypodii 

BB. Spores oblong-ellipsoid, up to 5/* or more in diameter, with 
blunt ends 

C. Spores usually up to 6/* in diameter.5. A, graminea 

CC. Spores up to about 8/* in diameter.6. A. sorghina 


Section II. Ascochytella Tassi: 

Spores slightly colored or tinted by colored inclusions 

A. Spores narrowly cylindrical, with blunt ends, chiefly 3/* or less in 

diameter.7. A, subalpina 

A A. Spores more than 4 /* in diameter ' ^ 

B. Spores broadly cylindrical with more or less blunt ends, scarcely 
at all constricted at septum 
C. Spores tai>ering rather abnilptly to blunt ends ♦ 

D. Spores chiefly less than 6/* in diameter. 

S, A. agropyrina 

DD. Spores chiefly more than 6/* in diameter. 

9. A, utahensis 
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CC. Spores tapering gradually to rather blunt ends 

D. Spores broadly fusiform to ellipsoid, seldom 2- 

septate. 10, A» hordei 

DD. Spores irregularly cylindrical to ellipsoid, some 2- 

septate.11. A. avenae 

BB. Spores broadly ellipsoid with rather sharply pointed ends, slightly 
constricted at septum.12. A. missouriensis 

Tree Fruit Exp. Station, 

Wenatchee, Wash. 

AND 

Plant Indu.stry Station 
Bei.tsvili.e, Maryland 
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EXPLANATION OF FIGURES 

Fig. 1.—Pycnospores of species of Ascochyta on Gramineae in the section 
Eu-Ascochyta: A-M, Ascochyta sorghi Sacc.: A, on Elymus condensatus, 
Pullman, Wash., 1916 (G. H. Martin 794); B, on Hierchloe odorata, Man- 
dan, N. Dak., May 15, 1940; C, on Festuca rubra. Garibaldi, Oregon, June 
23, 1937 (O.S.C. 8,377) ; D, on Arrhenatherum elatius, Corvallis, Oregon, 
Dec. 15, 1937 (O.S.C. 21) ; E, on Stipa idridula, Webster, S. Dak., June 6, 
1941; F, on Avena sativa, Tifton, Ga., April 11, 1931; G, on Poa pratensis, 
Fargo, N. Dak., Sept. 15, 1940; H, on Festuca rubra, Mandan, N. Dak., 
Sept., 1940; I, on Brotnus carinatus. Hood River, Oregon, Feb. 26, 1935 
(O.S.C. 10,200); J, on B. carinatus, Whitson, Oregon, June 17, 1939 (O.S.C. 
689); K, on Brotnus inermis, Laportet Minn., June 4, 1941 (B.P.I. 80,166) ; 
L, on Elymus canadensis, west of Billings, Mont., July 19, 1941; M, on 
Sorghum vulgare var. sudanense, Brookings, S. Dak., July 29, 1912; N, 
A. phleina Sprague on Phlcum pratcnse, near Lake George, Niawa, Minn., 
June 4, 1941 (B.P.I. 80,920) ; O, A. desmasieri Cav. on Lolium multiflorum, 
Corvallis, Oregon; P, A, brachypodii (Sydow) Sprague and A. G. Johnson 
on Phalaris arundinacea, Mandan, N. Dak., Oct. 1, 1941 (B.P.I. 80,282) ; 
Q, A. brachypodii on Lolium perenne, Troutdale, Oregon, Feb. 26, 1935 
(O.S.C. 10,239) ; R, A. brachypodii on Stipa comata, Hebgen Lake, Mont., 
Aug. 17, 1941 (B.P.I. 80,272) ; S, A. brachypodii on Pleuropogon refractus, 
Bergsvik Creek, Oregon, May 16, 1938 (O.S.C. 197) ; T, A. brachypodii on 
Andropogon gerardi, Mandan, N. Dak., June 10, 1941 (B.P.I. 80,283) ; U, 
Stagonospora ischaemi Sacc. on Andropogon gerardi, Stillwater, Okla., 1941 
(Chester) ; V, A. graminea (Sacc.) Sprague and A. G. Johnson on Cynodon 
dactylon, west of Davis, Calif., May 17, 1935 (O.S.C. 10,910-A); fV, A. 
graminea on Bouteloua gracilis, Mandan, N. Dak., June 20, 1941 (B.P.I. 
80,578); X, A, sorghina Sacc. on Sorghum vulgare, Madison, Ga., Aug. 19, 
1943 (C. L. Lefebvre). 

Fig. 2.—Pycnospores of species of Ascochyta on Gramineae in the section 
Ascochytella: A, Ascochyta subalpina Spragu^ and A. G. Johnson on Dis- 
tichlis stricta, Marion, Mont., July 7, 1936 (type) ; B, A. agropyrina (Fair- 
man) Trotter on Elymus virginicus, Mandan, N. Dak., June 13, 1941; C, 
A, agropyrina on Agropyron subsecundum, Mandan, N. Dak., June 13, 1941; 
D, A, agropyrina on Agropyron trichophorum, Mandan, N. Dak., June 13, 
1941; E, A, agropyrina on Agropyron subsecundum, Pullman, Wash., 1941; 
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F, A, hordei Hara on Holcus lanatus, Bingen, Wash., Feb. 26, 1935 (O.S.C 
8,081 ); G, A. hordei on Hordeum vulgare, High Prairie, Wash., March 20, 
1939 (O.S?C. 771) ; H, A, hordei from pure culture obtained from preceding 
collection; /, A. avenae (Petr.) Sprague and A. G. Johnson on Avena bysan- 
tim, Troutdale, Oregon, March 13, 1935 (O.S.C. 10,243); A. missourien- 
sis Sprague and A. G. Johnson on Panicum inrgatum, Wilton, N. Dak., 
Sept. 15, 1941 (B.P.I. 80,279) (type). 



A TAXONOMIC CONSIDERATION OF TWO 
CHEIROSPOROUS GENERA, CHEIRO- 
MYCES AND PEDILOSPORA 

Samuel C. Damon 
(with 2 figures) 

The genus Cheiromyces has recently been reviewed by Martin 
(7) at which time he added a new species to the genus. The pres¬ 
ent paper is an attempt to clarify the generic concept as it was 
conceived by Berkeley (1) in his original description and as it has 
been reinterpreted by Hohnel (6) and Martin (7). Although 
material of Berkeley’s type specimen has not been seen, drawings 
and descriptions of it sent to Dr. Martin by Dr. G. R. Bisby have 
been consulted. These together with an authentic specimen in the 
Curtis herbarium and material in the Morgan collection at the 
State University of Iowa allow a relatively complete understanding 
of the type species. 

Berkeley’s statement that the conidia of Cheiromyces are non- 
septate was due either to observation of immature spores or to 
failure to see the septa. The spores are cheiroid and multiseptate, 
as evidenced by Bisby’s notes on specimens other than the type in 
the Berkeley collection and by the reports of other authors who 
have studied these collections. The essential point of difference 
between the view presented here and the opinions of Hohnel and of 
Martin arises from the interpretation of the manner in which the 
spores are formed. 

On the basis of the available evidence, the spores of Cheiromyces 
stellatus Berk, are formed in the following manfier. The terminal 
cell of the conidiophore proliferates in an antler-like fashion form¬ 
ing more or less parallel branches. Aft^ these branches have 
formed the spore becomes multiseptate with one or more septa 
formed in each branch. In most cases a septum is formed at the 
base of each branch thus leaving the branches attached to a single 

554 



Damon : Cheiromyces and Pedilospora 


555 


basal cell. This is what I call branch by branch spore formation 
in contrast to spore formation in species related to Cheiromyces 
digitatus Martin. In such species, the terminal cell of the conidio- 
phore divides. From the division of this cell the branches of the 
spore arise by succeeding divisions of the cells formed by the first 
division of the terminal cell. This is what I call branch formation 
in a cell by cell manner. The drawings in Martin's paper bear 
out this interpretation of spore formation in his species. Com¬ 
parison of these with the drawings of spore formation in C. stel- 
latus presented below (fig. 1, A, B), graphically illustrates this 
slight but important difference in spore formation. 

A further distinction between spores in C. stellatus and C. digi¬ 
tatus is that the branches are formed in three planes in Berkeley's 
species and in two in Martin’s species. For this reason, I believe 
that C. digitatus should be removed to Speira. 

This brings up the question of relationship between Cheiromyces 
and Speira, In Saccardo’s first summary (12) three species, 5. 
p'unctulatus, S. Kummeri, and S. erumpens, have descriptions sug¬ 
gesting a sporodochial type of conidiophore arrangement. Speira, 
therefore, in current usage includes species having conidiophores 
borne in sporodochia as well as species characterized by effuse 
growth. It is to the sporodochial group that C. digitatus Martin 
belongs, and it should be called Speira digitata (Martin *) comb, 
nov. It is worthy of note at this point that the type species, S, 
toruloides Corda (leones Fungorum 1: 9, fig. 140. 1837), is illus¬ 

trated as effuse and properly belongs in the Dematiaceae. This 
apparent inconsistency of having effuse and sporodochial species 
in one genus is, however, by no means unusual in the Moniliales. 
There are excellent examples of similar situations in well-known 
genera. One striking illustration is the genus Fusarium in which 
F. lini is characterized by sporodochia while a closely related spe¬ 
cies, F. oxysporum, has an effuse growth. The genus is placed in 
the Tuberculariaceae although many species have a characteristi¬ 
cally effuse growth. Penicillium claviforme is another example. 
It is a species characterized by coremia in a genus universally con¬ 
sidered to belong to the Moniliaceae. Species of Cephalosporium 


* Cheiromyces digitata Martin (7). 
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possessing coremia were formerly separated in the genus Tilachli- 
dium in the Stilbaceae until the coremiate character was found to 
be too unstable. The genus Sporoschisma, in the Dematiaceae, 
includes the species, S', paradoxa, although the phialides of that 
species are borne in coremia. Furthermore, environmental con¬ 
ditions have often been found to be the decisive factor in the forma¬ 
tion of these pseudo-fructifications. Such is the case with Fu- 
sarium and the Tilachlidium-Cephalosporium group. Instances 
of this sort serve to illustrate the inadequacy as well as the arti¬ 
ficiality of some of the criteria used in familial and generic distinc¬ 
tions in the Moniliales and point up the need for a sweeping 
revision of this group. 

The history of Cheiromyces is presented in some detail by Mar¬ 
tin (7), but a brief synopsis of it is repeated here. Cheiromyces 
was first described by Berkeley (Int. Crypt. Bot. p. 312. 1857) 
with drawings of non-septate, cheiroid spores. These figures ap¬ 
pear on the packet of the type species, C. stellatus, in the Kew 
Herbarium and are reproduced below (fig. 1, e). There is a 
second specimen in the Berkeley herbarium labelled C. Beaumontii 
(fig. 1, c, d), collected in Alabama by Beaumont. Later, this 
species was considered the same as C. stellatus by Berkeley because 
he referred to it as one of the two collections of that species when 
he discussed it in Grevillea (2). Furthermore, there is no refer¬ 
ence in the literature to the publication of C. Beautnontii as a sep¬ 
arate species and there appear to be no major differences between 
the two specimens. C. Beaumontii persists as an herbarium name 
applied to specimens distributed by Curtis with his herbarium and 
to No, 762 of North American Fungi distributed by Ellis. The 
name has no standing and must be considered a nomen nudum 
which has been applied to C. stellatus. The specimen at Kew 
labelled C, Beaumontii may, on the other hand, be considered a 
substitute type for C, stellatus since neither HUihnel (6) nor Bisby 
(3) was able to find a fungus on the Berkeley specimen labelled 
C. stellatus. For practical purposes, hbirever, the specimen in 
North American Fungi may be used to indicate the nature of the 
fungus. This view differs from that of Hohnel (6) who, although 
he had not seen the Berkeley specimen of C. Beaumontii, concluded 
that it was both specifically and generically different from C, Stella- 
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tus, and erected for it the genus Cheiroconium, placing it in the 
Melanconiales. Martin (7) has concurred in this view and would 
assign the specimen, N.A. Fungi No, 762, to Cheiroconium, After 
examination of three specimens in the Morgan collection referred 
to C, tinctus, of N.A. Fungi No, 762, and of the specimen in the 
Curtis herbarium labelled C, Beaumontii, I am led to the conclusion 
that they are all specimens of C, stellatus. Cheiroconium Hohnel 
is, therefore, a synonym of Cheiromyces Berkeley. This is fur- 



Fig. 1. A. Developing spores of C. stellatus, B. Mature spores of C. stel¬ 
latus, C. Bisby’s drawings of spores of C. Beauniontii (in herb. Berk.), D. 
Reproduction of Berkeley’s drawings of C. Beaumontii, E. Reproduction of 
Berkeley’s drawings of C. stellatus. 


ther supported by the fact that the conidiophores are arranged in 
sporodochia and not in acervuli as stated by Hohnel. The loca¬ 
tion of sporodochia in crevices of decorticated wood has led to this 
misinterpretation of their nature. 

Since the publicaton of Berkeley’s species, four others have been 
added to the genus. Peck (9) described C. tinctus, Hohnel (5) 
described C. speiroides, Ellis and Everhart (4) described C. 
comatus, and Martin (7) described C, digitatus. Peck’s species 
differed from C. stellatus by having a bluish cast to the spores when 
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examined microscopically. Until the type specimen can be seen 
there is no reason to invalidate the species. After describing C. 
speiroides, Hohnel later removed it to the monotypic genus, 
Cheiromycella, because of the light color of the hyphae of the 
sporodochium. Examination of a slide of this species at the Farlow 
Herbarium revealed that the spores are dark-colored and similar in 
appearance to those of C. stellatus. Because of the similarity of 
spore characters, I include this species in Cheiromyces despite the 
light-colored hyphae. C. comatus E. & E. was transferred to 
Exosporium by Hohnel (S). This specimen has not been seen, 
but the original description supports Hohnel's view. A critical 
examination of some of the species now included in Speira may 
justify their removal to Cheiromyces, but sufficient material is not 
available at this time to permit this. 

Cheiromyces Berkeley, Int. Crypt. Bot. 312. 1857. 

Cheiroconium Hohnel, Sitz.-ber. Akad. Wien 119 : 664. 1910. 

Cheiromycella Hohnel, Sitz.-ber. Akad. Wien 119 : 664. 1910. 

Sporodochia dark, punctiform or hysteriform, scattered, super¬ 
ficial or sunken in crevices of substrate; conidiophores short, hya¬ 
line, sometimes branched; conidia acrogenous or subacrogenous, 
cheiroid, dark-colored, branches of spore attached to a single basal 
cell, conidia formed in a branch by branch manner, formed in three 
planes. 

Type Species: Cheiromyces stellatus Berkeley, Int. Crypt. Bot. 
312. 1857. (also discussed in Grevillea 3: 97. 1875.) 

Key to Species 


Spores light olivaceous to dark brown microscopically. stellatus 

Spores with bluish cast microscopically. tinctus 


Cheiromyces stellatus Berkeley, Int. Cryjrt. Bot. 312. 1857. 

Cheiromyces Beaumontii B. & C., nomen nudum in Kew herb, and Curtis 
herb. 

Cheiroconium Beaumontii (B. & C.) Hohnel, Sitz.-ber. Akad. Wien 
119: 664. 1910. 

Cheiromyces speiroides Hohnel, Ann. Myc. 1: 408. 1903. 

Cheiromycella speiroides (Hohnel) Hohnel, Sitz.-ber. Akad. Wien 119: 
664. 1910. 
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Fig 2 A. Punctiform sporodochia of C. stellatus, X 10, B. Hystcriforrn 
sporodochia of C. stellatm, X 10. C. Spores of C. Beaumontii (in herb. Curt.), 
D. Spores of C. stellatiu (in herb. Morg.). 
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Sporodochia black punctiform or hysteriform, 0.05-1.5 mm. in 
diameter, hysteriform type often cracking when dry to give the ap¬ 
pearance of hysterothecia; conidiophores arising from a compact 
central mass, hyaline, simple or branched; conidia acrogenous or 
subacrogenous on conidiophores or their branches, cheiroid, 
branches usually formed in three planes, 2-6 branches arising from 
a single basal cell, multiseptate, 11-16 X 6-11 ft, olivaceous in color 
when mature. 

This fungus has been found on decorticated wood of various 
species. 

CHEifeoMYCES TiNCTUS Peek, Bot. Gaz. 5: 35. 1880. 

Sporodochia black, scattered, hysteriform; conidia 12-20ft long, 
one to three septate, often slightly constricted at the septa, having 
a bluish tint microscopically. 

This species has also been found on decaying wood. It is quite 
possible that C. tinctus may be the same as C. stellatus, but the 
color of the spores microscopically and their size separate the two. 
Examination of the type specimen of C. tinctus is necessary before 
a final decision can be made. 

Another cheirosporous species which may be considered at this 
time is Tetracrium incarnatum Martin (8). This species was 
isolated by Martin from dead Opuntia stems upon which it formed 
pale pink sporodochia. The conidia have digitate branches arising 
from a basal cell in the manner of Cheiromyces. That it cannot 
belong to Tetracrium is evident after examination of illustrations 
of spores of that genus given by Fetch (10). The species cannot 
be included in Cheiromyces because both hyphae and spores are 
light-colored, but it may be placed in Pedilospora Hohnel despite 
the sporodochial habit of the conidiophores of this species. Rogers 
(11) has studied an example of Hohnel’s species and his drawings 
of the ontogeny of the conidia show such a striking similarity to 
those of Martin’s T, incarnatum that to erect a new genus for 
Martin’s species based solely upon the doubtfully valid character 
of sporodochial habit would, in my opinion, be a needless multipli¬ 
cation of names. I propose, therefore, to transfer Tetracrium 
incarnatum Martin to Pedilospora, 
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Pedilospora incarnata (Martin) comb. nov. 

Tetracrium incarnatum Martin, Pac. Sci. 2: 75. 1948. 

Sporodochia pulvinate, 0.4-0.8 mm. in diameter in nature, often 
l-~4 mm. in culture, becoming confluent, white at first becoming 
flesh-colored and finally cinnamon; conidia acrogenous on elongate 
conidiophores which are attenuated below the point of conidial at¬ 
tachment; conidia formed in a branch by branch manner, the 3-8 
branches attached to a single basal cell, 40-50 fi X 10-20 fi. 

The material from which the species was isolated was collected 
by G. W. Martin on South Seymour Island in the Galapagos group. 

The fungus grows in culture on the usual artificial media as a 
moist, deep pink, submerged colony and shows poor development. 
There is no aerial mycelium except where the colony comes in 
contact with the edge of the plate or tube where a slight fringe of 
aerial hyphae is formed. On the other hand, it develops aerial 
hyphae and sporodochia when grown on media in which pieces of 
cornstalk or Dcsmodium stalks have been included, and experi- 
ilients seem to indicate that sporodochium production can be cor¬ 
related with the solid substratum in the medium. The color of 
the fungus in culture has been found to be paler than in nature 
but this character varies with the medium used. 

P, incarnata can be distinguished from P. parasifans by its larger 
spores and tufted habit. It will also be noted that the genus is 
characterized by having conidiophores with a slight attenuation be¬ 
low the attachment of the conidia as well as having cheiroid spores. 
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THE SYNONYMITY OF PYTHIUM DIS- 
SOTOCUM DRECHSLER AND PYTH¬ 
IUM PERIGYNOSUM SPARROW ‘ 

John T. Middleton 

Pythium dissotocum Drechsler (1930) was originally described 
from roots of Saccharum officinarum L. from Louisiana and may 
be characterized as a typical member of the genus Pythium pos¬ 
sessing filamentous sporangia, spherical and smooth-walled oogonia, 
stalked antheridia, and spherical, smooth-walled, aplerotic oospores. 
P. perigynosum Sparrow (1936) was originally described from 
hemp-seed bait placed in an English water course containing plant 
debris and may also be characterized a typical member of the 
genus Pythium as set forth above. From the original and only 
published account of P. perigynosum, it appears that the fungus 
should be considered synonymous with the earlier-described P. 
dissotocum. It is the purpose of this report to establish that 
synonymity. 

Ten years after the original description of P. dissotocum, 
Drechsler (1940) published supplementary information and illus¬ 
trative material for the species. The writer (1943) figured and 
discussed P. dissotocum in a monograph of the genus Pythium and 
established the synonymity of this species with P. oryzae Ito and 
Tokunaga (1933). The writer was unaware of the existence of 
P. perigynosum at that time and was therefore unable to include 
a discussion of it. The description of P. perigynosum was sub¬ 
sequently brought to his attention through the courtesy of F. K. 
Sparrow, Jr., who wrote (in correspondence, in 1943) : “your fig¬ 
ures of the species [P. dissotocum] make me more sure than ever 
of the identity of the two [P. dissotocum and P. perigynosum].** 
Observations of the type culture of P. dissotocum and of several 
additional isolates secured by the writer, and a critical perusal of 

1 Paper No. 636, University of California Citrus Experiment Station, 
Riverside, California. 
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the original description of P. perigynosum, reveal the similarity of 
the two species, despite the unavailability of cultures of the latter. 

The salient features of the two species, Pythium dissotocum 
Drechsler (1930) and P. perigynosum Sparrow (1936), are 
presented in table I. 

TABLE I 

Comparison of the Species 


Fungus parts 

Pythium dissotocum 

Pythium perigynosum 

Mycelium 

3.SH3.0 fi in diameter 

Av. 5.2 M in diameter 

Sporangia 

Undifferentiated filamentous; 
occasionally inflated 

Undifferentiated filamentous 

Zoospores 

Moderate number; cystospore 
8-9 /i in diameter 

Various numbers; cystospore 
10 /A in diameter 

Oogonia 

Acrogenous or intercalary; 
subspherical, av. 20.7 m m 
diameter; smooth-walled 

Usually acrogenous; papillate, 
spherical or subspherical, av. 
15.6 /A in diameter; smooth- 
walled 

Antheridia 

Mono- or diclinous, 1-5, auton¬ 
omous, usually sessile and 
adjacent to oogonium 

Mono- or diclinous, 1-5, auton¬ 
omous, usually originating 
from oop:onial stalk and adja¬ 
cent to It 

Oospores 

Aplerotic, av. 17.6/i in diam¬ 
eter; spherical reserve glob¬ 
ule av. 8.4 fi in diameter 

Aplerotic, av. 13 aa in diameter; 
spherical reserve globule av. 
8 /A in diameter 


DISCUSSION 

The descriptions presented in table I readily demonstrate the 
similarity of the two species. The differences between them seem 
to possess little taxonomic significance, consisting as they do in the 
dimensions of oogonia and oospores, which vary not only within 
a single species but within a single isolate of a species when the 
quality of the culture medium employed is altered. 

Although Sparrow (1936) reports the oogonia of Pythium 
perigynosum as usually terminal and frequentljf papillate, and does 
not mention their intercalary nature, he presents one figure in 
which an intercalary oogonium is shown. \The oogonia of P. dis¬ 
sotocum are typically nonpapillate, although occasional papilla-like 
structures are observed. These papilla-like structures are usually 
the initial development of later hyphal growth which ultimately re- 
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suits in the production of typically intercalary oogonia. It is 
therefore possible that Sparrow's reference to the apical papilla in 
P, perigynosum may be interpreted as indicating a tendency for 
some of the oogonia to become intercalary, as is the case in P, 
dissotocum. 

Taxonomic significance can be attached (Middleton 1943) to 
the type of sporangium, oogonium, and oospore, and the type and 
disposition of the antheridium. When these categories are con¬ 
sidered, the identity of Pythium dissotocum and P. perigynosum 
becomes strikingly apparent. It is proposed that the two species 
be designated as synonymous, and that inasmuch as P. dissotocum 
has priority, it be maintained as the valid binomial. The species 
would then include the following: 

Pythium dissotocum Drechsler, Wash. Acad. Sci. Jour. 20: 
398-418. 1930. 

Pythium orysae Ito and Tokunaga. Hokkaido Imp. Univ., 
Faculty Agr., Jour. 32: 201-233. 1933. 

Pythium perigynosum Sparrow. Linnean Soc. London, Jour. 
Bot. 50: 417-478. 1936. 

Division of Plant Pathology, 

University of California Citrus Experiment Station, 

Riverside, California 
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ENTOMOGENOUS SPECIES OF AKAN- 
THOMYCES, HYMENOSTILBE AND 
INSECTICOLA IN NORTH 
AMERICA ^ 

E. B. Mains 
(with 26 figures) 

The form-genus Akanthomyces was established by Lebert (6) 
in 1858 for a species, A, aculeata, found on a moth in Europe. 
Apparently because it was published in a zoological journal it was 
overlooked for a long time in mycological literature. In 1892, 
Thaxter (20) used the name Acanthomyces for a genus of the 
Laboulbeniaceae. He later (21, 22) corrected this giving the name 
Rhachomyces to the genus of the Laboulbeniaceae and suggested 
that Akanthomyces aculeata was probably identical with Isaria 
sphingum Schw. 

In 1931 Fetch (10) proposed the form-genus Hymenostilbe for 
H. muscariunt, a species on flies, as well as for Isaria arachnophila 
Ditm. and for the conidial stages of several species of Cordyceps, 
namely C. dipterigena, C. Iloydii and C. australis. Later (13) 
when he discussed Akanthomyces aculeata, he expressed doubt 
whether Hymenostilbe could be maintained as distinct from Akan¬ 
thomyces. However, he (15) finally concluded that they are dis¬ 
tinct, the most important difference being that the conidia of 
Akanthomyces are catenulate and those of Hymenostilbe solitary 
on the phialide. This is a distinction which is commonly used in 
the separation of genera in the Fungi Imperfecti. 

Akanthomyces and Hymenostilbe are form-r^enera of the Stilba- 
ceae. They produce synnemata which are more or less cylindric 
often becoming somewhat attenuated upward. The synnemata are 
composed of more or less parallel longitudinal conidiophores usu- 

^ Paper from the Herbarium and the Department of Botany of the Uni¬ 
versity of Michigan. This paper is published as excess pagination. The 
cost has been paid by the Herbarium of the University of Michigan. 
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ally forming a compact bundle. The longitudinal hyphae produce 
phialides at their terminations, specially in the upper portions of 
the synnema (fig. 16A). However, most of the phialides are pro¬ 
duced either as lateral cells (figs. 16B, 18B, 19B, 24A) or fre¬ 
quently as terminal cells of short lateral branches produced along 
the entire lengths of the outer hyphae of the synnema (figs. 17 A, 
23A, 25A, 26A). This results in a hymenial layer which covers 
the surface of the synnema. In most species there is abundant pro¬ 
duction of phialides resulting in a compact hymenial layer (fig. 3). 
In some species the phialides are scattered and well separated from 
each other (fig. 6). 

The phialides either have no well differentiated sterigma or their 
apices are prolonged into short acute sterigmata. In Akantho¬ 
myces conidia are produced in succession at the apex of the 
phialide and adhere to form a chain of spores (figs. 16A, 18A). 
The strength of this adherence varies due to conditions at the time 
of production. It seems doubtful that the spore production of the 
phialides of species of Hymenostilbe is limited to one conidium. 
If only one conidium is produced collapsed phialides would be ex¬ 
pected far more commonly than is the case. It is probable that 
several conidia, which do not adhere, are produced in succession 
and consequently spores are found singly on the phialides. If this 
is so the distinction between the genera is slight. On account of 
the variation of adherence of spores it may not always be possible 
to determine accurately the catenulate character for a species known 
from a few specimens. In this treatment the species in which 
catenulate spores have been observed are placed in Akanthomyces, 
Species in which conidia have been observed only singly on the 
phialides are placed in Hymenostilbe, If eventually the genera are 
combined the generic name Akanthomyces should be eiiiployed for 
the group. 

Three species have been studied which have the catenulate char¬ 
acter of Akanthomyces but differ in that the hymenium is limited 
to the upper part of the synnema and the lower portion is sterile 
forming a stipe (figs. 8, 10). Unlike Akanthomyces the outer 
longitudinal hyphae of the synnema do not produce lateral phialides 
or lateral branches bearing phialides. The hyphae diverge in the 
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Fio. 1, Akanthotnyces aculeata; 2-3, A, angustispora; 4, A. ampullifera; 
S-6, A. aranearum. 






Mains: Akanthomyces, Hymenostilbe, Insecticola 569 


upper portion of the synnema and repeatedly branch more or less 
dichotomously. The phialides are terminal on the branches (figs. 
20A, 21 A, 22A). The hyphae are closely packed forming a com¬ 
pact enlargement of the synnema which is covered by a compact 
palisade layer of phialides over the upper portion of the synnema. 
The structure of the synnema is similar to that in Stilbum which, 
however, has conidia covered with a mucus and produced singly. 
Coremium as typified by Coremium glaucum Link has a terminal 
sporogenous head and catenulate spores but the head is composed 
of a loose mass of conidiophores which are terminated by whorls 
of phialides. The three species are placed in a new genus, for 
which the name Insecticola is proposed. ' 

This study is based on North American collections in the Farlow 
Herbarium (FH),- the Herbarium of the New York Botanical 
Garden (NY), the Mycological Collections of the U. S. Bureau 
of Plant Industry, Washington, D. C. (W) and the Herbarium of 
the University of Michigan (M). Several species represented 
only by collections made by Thaxter in Trinidad are included since 
they may be expected in the West Indies. 

The species treated in this paper are found on orders of the 
Insecta and on the Arachnida as follows. 


Lepidoptera 

Coleoptera . 
Diptera .... 

Orthoptera . 

Homoptera . 

Hymenoptera 

Arachnida .. 


1. Akanthomyces sphingum 

7. Insecticola pistillariaeformis 

2. Akanthomyces angustispora 

3. Akanthomyces ampullifera 

8. Hymenostilbe dipterigena 

5. Insecticola clavata 

6. Insecticola fragilis 

9. Hymenostilbe lecaniicola 

10. Hymenostilbe aphidis 

11. Hymenostilbe formicarum 

12. Hymenostilbe camponoti 

13. Hymenostilbe sphecophila 

4. Akanthomyces aranearum 

14. Hymenostilbe verrucosa 


AKANTHOMYCES Leb. Zeitsch. wissen. Zoologie 9:447. 1858 

Synnemata cylindric often somewhat attenuated upward, com¬ 
posed of longitudinal, more or less parallel, closely compacted 

2 The writer is indebted to W. Lawrence White, Ro^f Singer, Donald P. 
Rogers and John A. Stevenson for the loan of specimens. 
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hyphae (conidiophores); phialides in a hymenial layer covering 
the synnema or in /i. areanearum somewhat scattered over the 
surface, produced as terminal cells of short lateral branches from 
the outer hyphae or arising as lateral cells or buds of the outer 
hyphae of the synnema, or less frequently terminating the hyphae 
of the synnema, ellipsoid, obovoid or cylindric usually more or 
less acute at the apex and terminating in a short sterigma, smooth 
or roughened; conidia one-celled, hyaline, smooth, catenulate. 

Type species: Akanthomyces aculeata Leb. 

The genus Akanthomyces has hitherto been limited to one 
species, A, aculeata. In this study three additional species, A, 
ampullifera, A, angustispora and A, aranearum are recognized. 
A, aculeata develops on the adults of lepidopterous species of 
insects. A, ampullifera occurs on craneflies. A, angustispora is 
described from a recent collection on a coleopterous larva from 
Tennessee received from F. T. Wolf and A. aranearum appears to 
be fairly widespread on spiders. 

1. Akanthomyces aculeata Leb. Figs. 1; 16A-C 
Zeitsch. wissen. Zoologie 9: 447, 1858 

?Isaria sphingum Schw. ex Fr. Sys. Mycol. 3: 275. 1832. 

}Hymenostilbe sphingum (Schw.) Fetch, Trans. British Mycol. 
Soc. 16: 217. 1932. 

lAkanthomyces sphingum (Schw.) Fetch, Trans. British Mycol. 

Soc. 27: 82. 1944, 

Yellowish mycelium more or less covering adult moths and 
attaching them to the substratum; synnemata arising from various 
parts of the insect, often developing from conical masses of myce¬ 
lium, terete, narrowing upward, very variable in length, 1-8 fnm. 
long, slender, 0.1-0.5 mm, thick, yellowish, composed of longi¬ 
tudinal somewhat interwoven hyphae; phialides densely compacted 
into a layer covering the synnema, terminating the hyphae or aris¬ 
ing directly as lateral cells from the outer h^hae of the synnema 
or terminating short lateral branches, subcylindric or narrowly 
ellipsoid, 6-16 X 2.5-4 ft, narrowing abdSfe to an acute apex ter¬ 
minated by a short sterigma up to 4/i long, smooth; conidia 
broadly ellipsoid or obovoid often acute at the lower end, 3-6 X 
2-3 fi, smooth, hyaline catenulate. 
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Connecticut: On Amphipyra pyramidoides {Pyrophila pyramid 
doides). New Haven, Nov. 1888, R. Thaxter, Reliq. Farl 661. 

Washington: On moth. Baker Lake, Aug. 14, 1941, A. H. 
Smith, 17893 (M). 

Ontario: On moth. Deep Creek, Sept. 4, 1947, A. H. Smith, 
26556 (M). 

Salvador: On moth, Santa Techla, July 1, 1943, Padre Anton 
Kovar (W). 

This species has usually been reported as Isaria sphingum Schw. 
Fetch (14) has decided that Akanthomyces aculeata is a synonym 
and has made the combination Akanthomyces sphingum. He has 
considered the species to be very variable both in the development 
of synnemata and in the shape and size of conidia. From the de¬ 
scription given by Schweinitz (16) it is not possible to determine 
the application of the name I, sphingum with certainty since micro¬ 
scopic characters of the fungus are not described. Through the 
kindness of Dr. Francis F. Pennell a specimen determined as 
Isaria sphingophila Schw. in the Schweinitz collection of the Acad¬ 
emy of Natural Sciences of Philadelphia has been available for 
study. This is probably the type of /. sphingum, Schweinitz in 
his Synopsis of North America Fungi (17) under no. 3055 Isaria 
sphingophila L. v S., Lk. refers to no. 1298 in his Synopsis Caro- 
linae (16) where I, sphingum was described. Link (7) apparently 
substituted the name I, sphingophila for I, sphingum. The speci¬ 
men from the Schweinitz collection bears only the data “Salem- 
Beth.” It consists of an adult moth attached to a twig. A thin 
layer of a cream-colored mycelium covers the insect and attaches 
it to the substratum. The synnemata arise* from conical masses of 
mycelium scattered over the insect. They are pale brown and 
vary considerably in length from a few millimeters to one centi¬ 
meter, are terete, 0.2-0.5 mm. thick, and gradually attenuated up¬ 
ward. Phialides and spores were not observed from an examina¬ 
tion of several synnemata. The specimen was probably effete 
when collected. Unfortunately, therefore, it is not possible to 
determine the microscopic characters of Isaria sphingum. 

Fetch (15) gives Isarm floccosa Fr. and I. strigosa Fr. as 
synonyms of Akanthomyces sphingum. Fries (3) published these 
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in the Systema Mycologicum immediately preceding I, sphingum. 
They are described as developing on larvae and pupae of the Lepi- 
doptera whereas L sphingum was said to occur on adults. Their 
identity cannot be determined with any certainty. All the collec¬ 
tions seen by the writer have been on adult lepidopterous insects. 
Fetch (12) also includes Isaria pistillariaeformis Pat., I. surina- 
fnensis Voss., and Hirsutella clavispora Fetch as synonyms of 
Akanthomyces sphingum. The type of /. pistillariaeformis Pat. 
has been studied and found to be another species (see no. 7) having 
synnemata with sporogenous heads and sterile stipes. Vosseler 
(25) describes /. surinamensis as having synnemata up to 12 cm. 
long with short side branches bearing conidia 2/x in diameter. 
Speare (18) has suggested that this species is a Hirsutella. Fetch 
(12) describes the conidia of Hirsutella clavispora as cylindric to 
clavate, 4-8 X 1-1.5 /a with a mucous coat. Neither /. surinamen¬ 
sis nor H. clavispora appears to be the species described here. 
Lebert (6) in establishing the genus Akanthomyces describes and 
illustrates the phialides and conidia of A. aculeata. The species as 
circumscribed here agrees very well with his description. Al¬ 
though it is probable that Isaria sphingum is the same species it 
seems best to use name Akanthomyces aculeata which can be 
applied with greater accuracy. 

The Tulasnes (23) when they described Torrubia sphingum 
(= Cordyceps tuberculata) suggested that the conidial stage was 
Isaria sphingum. They did not observe an association of perithe- 
cial and conidial stages. This connection has been commonly 
accepted although it is surprising how few times perithecia and 
conidia have been found associated. Lebert (6) describes Cordy¬ 
ceps tuberculata as Akrophytum tuberculatum in the same publi¬ 
cation as Akanthomyces aculeata but does not indicate a connec¬ 
tion. Vincens (24) found perithecia associated with minute syn¬ 
nemata bearing catenulate globose conidia 2 diameter. The 
perithecial connections reported by Petchi (12) were with synne¬ 
mata of Isaria pisillariaeformis Pat. Kobayasi (5) records a 
number of collections of Cordyceps tuberculata and Hymenostilbe 
sphingum from Japan and states that he had obtained no collection 
bearing both perithecia and conidia. While the development of 



Mains: Akanthomyces, Hymenostilbe, Insecticola 573 


both Cordyceps tuberculata and Akanthomyces aculeata on adult 
moths is very similar, the evidence for their connection is by no 
means conclusive. 

2. Akanthomyces angustispora sp. nov. Figs. 2-3; 17A-B 

Synnemata simplicia vel ramosa, 8-13 mm. longa, 0.2-0.6 mm. crassa, 
carnea, ex longitudinalis compaginatis hyphis composita; phialides densum 
hymenium formantes, oblongae vel ellipsoideae, 6-14 X 3-4 superne acutae; 
conidia anguste clavata, 4.5-6 X 1.2-1.4m, catenulata. 

Ex larva scarabaei, Nashville, Tcnn., Jan. 15, 1950, F. T. Wolf, 473, in 
Herb. Univ. Mich. 

Synnemata arising from the body and head of a coleopterous 
larva, simple or branched, 8-13 mm. long, 0.2-0.6 mm. thick, 
slightly pulverulent, flesh colored, composed of compacted longi¬ 
tudinal hyphae 2.5-3.5 fi \vide; phialides forming a dense palisade 
layer covering the synnema, arising from the ends of the longi¬ 
tudinal hyphae or as terminal cells of short lateral hyphal branches 
from the longitudinal hyphae of the synnema, oblong or narrowly 
ellipsoid, 6-14 X 3-4/a narrowing above into an acute apex ter¬ 
minated by a short sterigma, smooth; conidia narrowly clavate, 
4.5-6 X 1.2-1.4/A, smooth, hyaline, catenulate. 

From a coleopterous larva, Percy Warner Park, Nashville, 
Tenn., Jan. 1950, F. T. Wolf, 473, type. 

The synnemata from the body of the larva are all simple. From 
the head there arises a short main stem whose growth may have 
been stopped by an injury. Two branches arise from the apex of 
the stem, each bearing several secondary branches. The phialides 
which either develop directly laterally from the longitudinal hyphae 
or as terminal cells from short lateral branches from the longi¬ 
tudinal hyphae (fig. 17A) form a compact layer covering the 
synnema. The conidia were observed in short chains of 2 or 3 
spores. 

3. Akanthomyces ampullifera (Petch) comb. nov. Figs. 4; 

18A-C 

Hymenostilbe ampullifera Petch, Trans. Brit. Myc. Soc. 21; 55. 
1937. 

Mycelium slightly covering the host and attaching it to the 
substratum; synnemata from various parts of the insect, up to 3 
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mm. long, very slender, 120-144/1 thick below, narrowing to an 
acuminate apex, brown, white from pulverulent masses of adhering 
spores, composed of longitudinal parallel hyphae; phialides arising 
from the mycelium and directly from the outer hyphae of the 
synnemata as lateral projections forming a moderately dense pali¬ 
sade layer covering the synnema, ellipsoid to short cylindric, 10-15 
X 3^5 /i, narrowing above into an acuminate apex with a short 
sterigma, smooth;-conidia narrowly cylindric 5.2-9 X 1.1-2/i 
slightly narrowing but rounded at the ends, smooth, hyaline, 
catenulate. 

North Carolina: On Limonia fusca (Dicranomyia pubipennis), 
Cranberry, R. Thaxter, Aug. 1887, type (FH 727); on gnats. 
Cranberry, R. Thaxter, 1887 (FH 6254). 

In his description of this species Fetch does not mention the 
catenulate development of the conidia. This is very pronounced 
(fig. 18A) and causes the spores to remain attached to the synne¬ 
mata in large masses (fig. 4). In microscopic mounts chains of 
as many as six spores were found attached to sterigmata. The 
species therefore belongs in Akanthomyces, 

4. Akanthomyces aranearum (Fetch) comb. nov. Figs. 5-6; 

19A-C 

Hymenostilbe aranearum Fetch, Trans. British Mycol. Soc. 16: 

221. 1932. 

Hosts covered and attached to the substratum with a yellowish 
brown, asperulate mycelium; synnemata arising from all parts of 
the host, cylindric to clavate, 0.^10 mm. long, slender, 0.1-0.2 mm. 
thick, simple or occasionally slightly branched, brown, sometimes 
pubescent below from short, flexuous, asperulate hyphae, becoming 
white from conidia adhering on the upper portion, composed of 
longitudinal parallel hyphae the outer brown and asperulate; phia¬ 
lides somewhat scattered, forming a loose hymenium, arising as 
lateral cells from the outer hyphae of tl^ synnema, obovoid or 
ellipsoid 6-12 X 4-8 /*, rounded above and abruptly narrowing into 
a short sterigma, asperulate; conidia narrowly obclavate, 8-14 X 
1.5-3/i, often acute at the lower end, narrowing upward, rounded 
or obtuse at the upper end, hyaline, smooth, catenulate. 

Maine: On spiders, York, Sept. 22, 1892, R. Thaxter (FH 
6258); York, Sept. 16, 1896, R. Thaxter (FH 649). 
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North Carolina: On spiders, Cullowhee, 1887, R. Thaxter (FH 
665); Cranberry, July-August 1887, R. Thaxter (FH 4123). 

The obclavate shape of the conidia is unusual (fig. 19C). The 
conidia are attached to the sterigmata at the broader end and the 
spores narrow upward (fig. 19A). The conidia were commonly 
found in chains and this apparently is the cause of the persistent 
floccose masses of conidia adhering to the synnemata (fig. 5). 
The asperulate condition of the mycelium and outer hyphae of the 
synnemata is also found in species of Gibellula occurring on spiders. 

Collections 649, 665 and 6258 were determined by Fetch as 
Hymenostilbe aranearum, a species which he (12) described from 
Ceylon. In his comments he states that in wet weather the 
conidia of the Ceylon specimens persist in chains. The species 
therefore belongs in Akanthomyces, 

Isaria arachnophila Ditmar is probably this species. Ditmar's 
illustrations (2) indicate that the conidia of his species were prob¬ 
ably catenulate since he shows them adhering together in floccose 
masses on the synnemata in a similar manner to that noted in the 
collections studied here. Ditmar described the spores as globose 
‘‘wie bei den iibrigen arten dieser Gattungen.'' Fetch (11) states 
that it seems to have been customary when Isaria arachnophila 
was described to style all small conidia globose and consequently 
not much weight can be given to that description. Fetch applies 
the name to a species for which he had collections from Southamp¬ 
ton, England, stating that it ‘‘agrees with Ditmar's figure except 
that the clava is not covered with loose masses of conidia.” He 
made the combination Hymenostilbe arachnophila (Ditm.) Fetch. 
Judging by a collection (No. 6270B) in the Farlow Herbarium 
determined by Fetch as H, arachnophila the conidia are obovoid 
and produced singly (see no. 14). It is difficult to understand 
why he reached these conclusions unless it was on the basis of the 
distribution as it was then known. Since the Ceylon species is 
now known also from Maine and North Carolina it may be ex¬ 
pected to occur in Europe. If Ditmar's name applies to either 
species it would seem more logical to apply it to Akanthomyces 
aranearum. As has been discussed elsewhere (9) the name Isaria 
arachnophila has been used in Europe by several 'luthors for Gibel- 
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Figs. 7-8, Insecticola cUwata; 9-10, 7. pistillariaeformis. 
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lula leiopus (Viiill.) Mains. Fetch (11) also has suggested that 
if Ditmar’s fungus had globose spores as described it might be an 
Isaria form of Beauvaria densa. The information available is not 
sufficient to apply the name with certainty. It is questionable 
whether there is anything to be gained by disregarding or discount¬ 
ing the information which is given in order to employ the name 
for one of the fungi now known on spiders. 

In collection 4123 of the Farlow Herbarium the synnemata of 
A. aranearum are found associated on some of the specimens with 
perithecial clavae of Cordyceps thaxteri Mains. 

Insecticola gen. nov. 

Synnemata clavata, stipitata, superis partibus fertilibus; stipites teretes, ex 
longitudinalis compactis hyphis compositi; superae fertiles partes compactae, 
ex ramosis hyphis compositae, hymenii phialidium tectae; conidia continua, 
levia, hyalina, catenulata. 

Species typica, Insecticola clavata. 

■Synnemata clavate, stipitate, with the upper portions sporoge- 
nous; stipes terete, composed of longitudinal, parallel, closely com¬ 
pact hyphae; the upper fertile portions compact, composed of re¬ 
peatedly branching hyphae terminated by phialides which form a 
compact hymenium; conidia one-celled, smooth, hyaline, catenulate. 

5. Insecticola clavata sp. nov. Figs. 7-8; 20A-B 

Synnemata multa, pallide brunnea, clavata, 0.5-2.0 mm. longa; stipites 
60-250M crassi, ex longitudinalibus hyphis compositi; superae fertiles partes 
subcylindricae, obovoideae vel ellipsoideae, interdum furcatae, 300-1500/* 
longae, 102-500/* crassae, hymeniis phialidium tectae; phialides subcylin- 
dricae, 17.1-21.4X2.8-4.3/*, superne acutae, brevis sterigmatibus; conidia 
ellipsoidea vel oblonga, 4.5-8.5 X 2.1-2.5 /*, hyalina, catenulata. 

Ex Hapitho, Gainesville, Florida, Nov. 11, 1935, R. E. Bellamy 571 in. 
Herb. Univ. Mich. 

Mycelium thin brown partly covering insect; synnemata numer¬ 
ous, arising from various parts of the host, light brown, clavate, 
0.5-2.0 mm. long; stipes 60-250/x thick, composed of longitudinal 
parallel compact hyphae 2-4 /* wide, the outer brownish; the fertile 
portions of the synnemata terminal, subcylindric, obovoid or el¬ 
lipsoid, occasionally furcate, 300-1500^ long, 102-500/* thick, cov¬ 
ered with a compact hymenium of phialides, often white and pul- 
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venilent from adhering masses of conidia; phialides subcylindric, 
17.1-21.4 X 2.8-4.3 //, narrowing above to acute apices, terminated 
by short sterigmata; conidia ellipsoid to qblong, 4.5-^.5 X 2.1- 
2.5 fi, hyaline, catenulate. 

Florida: On Hapithus agitator quadratus, moist floodplain forest 
along Hogtown Creek, 2 mi. N.W. Gainesville, R. E. Bellamy, 571. 

This specimen was received from Theodore H. Hubbell of the 
Museum of Zoology of the University of Michigan. The small 
synnemata occur scattered on various parts of the insect, specially 
upon the legs, antennae and between the segments of the body 
(fig. 7). The longitudinal parallel hyphae of the stipes diverge 
outward repeatedly branching to form the upper compact fertile 
parts of the synnemata. The phialides terminate the branches to 
form a compact hymenium (fig. 20A). The conidia were ob¬ 
served in chains of as many as six. 

6. Insecticola fragilis (Fetch) comb. nov. Figs. 11; 21A-C 

Hymenostilbe fragilis Fetch, Trans. British Mycol. Soc. 21: 56. 
1937. 

Mycelia yellowish white, slightly covering the insects and attach¬ 
ing them to the substratum, bearing terminal or subterminal lateral 
globoid to ellipsoid verrucose cells on the hyphae; synnemata 
numerous arising from all parts of the host, clavate, 0.7-1.5 mm. 
long; the upper portion sporogenous, subgloboid to obovoid, 130- 
300/A long, 130-250/A thick, white, pulverulent and appearing glo¬ 
boid from masses of spores; the stipe 30-90 ft thick, composed of 
longitudinal parallel closely compacted hyphae; phialides forming 
a compact hymenium covering the upper portion of the synnema, 
formed of the terminal cells of repeatedly more or less dicho- 
tomously branching hyphae, subcylindric to narrowly clavate, 7-10 
X 2.5-3 /A, verrucose in the upper portions; conidia subcylindric 
6.5-9 X 1.5 ft somewhat narrowed and rounded at the ends, 
catenulate. > 

Trinidad: On an orthopterous larva, Verdant Vale, October 
1912, R. Thaxter, type (FH 2581). 

Fetch (14) states that both the head and the stalk bear a pali¬ 
sade layer of phialides and describes the species in Hymenostilbe, 
An examination of the type shows that the synnemata have sterile 
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stipes composed of longitudinal closely compacted hyphae which 
diverge above repeatedly branching and ending in the verrucose 
phialides (fig. 21 A) which form a hymenium over the upper 
portions of the synnemata. The stipes bear short flexuous hyphae 
which bear verrucose cells (fig. 21 B) as do hyphae of the myce¬ 
lium. It is doubtful if these are phialides. They differ consider¬ 
ably in shape and as far as observed do not produce conidia. 

7. Insecticola pistillariaeformis (Pat.) comb. nov. Figs. 9-10; 

22A-B 

Isaria pistillariaeformis Pat., Bull. Soc. Mycol. France 9: 163. 
1893. 

Mycelia whitish, covering adult moths with a thin layer and 
attaching them to the substratum; synnemata arising from all 
parts of the moths from bulbose to conic masses of mycelium, 
clavate, 0.4-1.0 mm. long, stipitate, the upper sporogenous portion 
subgloboid, ellipsoid or obovoid, 110-200/it long, 70-170 /a wide, 
becoming pulverulent with conidia; the stipe 25-50 /x thick, cylin- 
dric composed of longitudinal somewhat loosely interwoven hyphae 
which diverge above repeatedly branching more or less dicho- 
tomously to terminate with phialides; phialides forming a compact 
hymenium over the upper portion of the synnema, subcylindric, 
6-10 X 2-3 fif narrowing above into an acute apex terminated by 
a short sterigma 2-3 /x long, smooth; conidia fusoid to subcylindric 
narrowing at the ends, 2.5-5 X 1-1.5/x, hyaline, catenulate. 

Trinidad: On adult moths, Maraval Valley, June 12, 1913, 
R. Thaxter (FH 2565) and 1912-1913 (FH 2584). 

These collections agree well with the type of Isaria pistillariae- 
formis in the Farlow Herbarium. According to the data on the 
packet it was collected by G. de Lagerheim at Puente de Chimbo 
in September 1891. The specimen consists of a small moth bear¬ 
ing a few small synnemata arising from a slight whitish mycelium. 
The synnemata are clavate, 388-525 fi long with the upper sporo¬ 
genous portion obovoid to subcylindric 16^—225 /x long and 75— 
100/X thick, and with a stipe 30-40/x thick. The hyphae of the 
stipe are longitudinal and loosely interwoven. In the upper sporo¬ 
genous portion of the synnema the hyphae branch repeatedly and 
end with the phialides forming a compact hymenium. The phia- 
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11, Insecticoh fragilu; lZ.i3, HymenosHlbe dipterigena- 
14, HymenosHlbe leccmncola. ^ ' 
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lides are subcylindric 7—10 X 2-2.5 fi terminating in acute apices. 
The conidia are fusoid, 2.5-3.4 X 1-1.5 ft and are catenulate. 

Fetch (12) states that in collections made by C. B. Williams in 
Trinidad and British Guiana synnemata of Isaria pistillariae- 
formis are associated with perithecial clavae of Cordyceps tubercu- 
lata (see no. 1). 

HYMENOSTILBE Fetch, The Naturalist 1931: 101 

Synnemata terete, subcylindric, often slightly attenuated upward, 
composed of longitudinal more or less parallel closely compacted 
hyphae (conidiophores) ; phialides in a hymenial layer covering 
the synnema, produced as terminal cells of short lateral branches 
from the longitudinal hyphae of the synnema or as lateral cells or 
buds directly from the longitudinal hyphae or less frequently as 
terminal cells of the longitudinal hyphae, subcylindric to clavate, 
narrowed above into short sterigmata or obtuse above with short 
or inconspicuous sterigmata, smooth or variously roughened in the 
upper portion; conidia one-celled, hyaline, smooth, single. 

Type species: Hymenostilbe muscarium Fetch. 

Hymenostilbe differs from Akanthomyces principally in that its 
conidia are produced singly. Fetch in his generic description 
states that the conidia are solitary or rarely catenulate. He (15) 
later, however, states that Akanthomyces is separated by the catenu¬ 
late character. 

8. Hymenostilbe dipterigena Fetch. Figs. 12-13; 23A-C 
Trans. British Mycol. Soc. 16: 212. 1932 

Hosts attached to the substratum by dark brown mycelium which 
sometimes covers the insect; synnemata arising from the posterior 
part of the abdomen and between the segments of the body, sub¬ 
cylindric, somewhat attenuated upward, 4-12 mm. long, 0.2-0.5 
mm. thick, composed of longitudinal somewhat interwoven, closely 
compacted hyphae the outer sometimes brownish and the inner hya¬ 
line; phialides forming a dense palisade layer covering the syn¬ 
nema, developed as terminal cells of short lateral branches from 
the longitudinal hyphae, cylindric to clavate, 14-28 X 3-4/i., bear¬ 
ing scattered short cylindric to slightly capitate projections specially 
towards the apices, with sterigmata inconspicuous; conidia obovoid, 
4-9 X 2-4 /i, hyaline, single. 
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North Carolina: On flies, Cranberry, Aug. 1887, R. Thaxter, 
Rel. Farl. 612 (M). 

Tennessee: On flies, Burbank, Aug. 1887. R. Thaxter (FH 
6192). 

Nicaragua: On flies, El Recreo, November, 1945, Arthur G. 
Kevorkian No. 52 (FH and M). 

In addition Fetch '(12) reported H. dipterigena as occurring on 
specimens from Panama, British Guiana, Tobago; New Guinea 
and Ceylon. The phialides of this species bear pronounced cylin- 
dric projections (figs. 23A & B). H. dipterigena is the conidial 
stage of Cordyceps dipterigena Berk. & Br. (12). Synnemata of 
i/. dipterigena occur associated with perithecia clavae in Rel. Farl. 
612 and FH 6192 (fig. 12). 

9. Hymenostilbe lecaniicola (Jaap) comb. nov. Figs. 14;24A-B 

Isaria lecaniicola Jaap, Verb. Bot. Ver. Prov. Brandenburg 50: 49. 
1909. 

HirsUtella lecaniicola (Jaap) Fetch, Trans. British Mycol. Soc. 
18:53. 1933. 

Slight gray mycelia covering the hosts; synnemata several from 
an insect, cylindric to slightly clavate, up to 3 mm. long, 0.1--0.5 
mm. thick, gray to brownish, pruinose, consisting of clq||ely com¬ 
pacted, longitudinal, parallel hyphae; phialides arising laterally 
from the outer longitudinal hyphae or from the mycelium covering 
the host, scattered to moderately crowded, very variable, subcylin- 
dric, frequently with one or more constrictions giving a nodulose 
appearance, 10-30 X 4-5 ft, gradually attenuated at the apex into 
short acute to acuminate sterigmata 8-14/4 long, sometimes with 
several sterigma-like projections; conidia ellipsoid to broadly 
fusoid, 4-8 X 2-2.5 /4, hyaline single. 

Michigan: On scale insects, Au Train Falls, Forest Lake, June 
17, 1933, E. B. & E. E. Mains, 33-368 (l^ff Chatham, June 17, 
1933, E. B. & E. E. Mains, 33-365 (M). 

Quebec: On scale insects, Duchesnay, Aug. 24, 1938, E. B. 
Mains, 4227 (M). 

Miss Charles (1) reports the species from the District of Colum¬ 
bia, Florida, Maryland, New York, Vermont and Virginia. 
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Hymenostilbe lecaniicola is the conidial stage of Cordyceps 
clavulata (Schw.) Ell. & Ev. (13). In the collections listed above 
the synnemata are old and the fungus had develop)ed many peri- 
thecial clavae. The description has been mostly prepared from the 
specimen of Jaap Fungi Selecti Exsiccati No. 298 in the Bureau 
of Plant Industry, which is part of the type collection (4). 

The phialides do not form as compact a layer as in most species 
of Hymenostilbe. Whether the several projections from the upper 
portion of some of the phialides are all sterigmata is uncertain. 
Conidia have not been seen attached to other than the terminal 
sterigma. The irregular somewhat nodulose appearance of some 
of the phialides is unusual (fig. 24A). 

The somewhat scattered distribution of the phialides is a condi¬ 
tion which occurs more commonly in Hirsutella than in Hymeno¬ 
stilbe, Neither Jaap (4) or Fetch (13) describes a mucous cov¬ 
ering of the conidia and in the si^ecimens which have been available 
for study such a covering has not been observed. Since the conidia 
of Hirsutella have a thick covering of mucus it seems best to place 
this species in Hymenostilbe, 

10. Hymenostilbe apiiidis Fetch, Trans. British Mycol. Soc. 25: 

259. 1942 

Synnemata solitary, rufous brown, up to 2 mm. long, 0.1 mm. 
thick, erect or suberect, straight or flexuous, cylindric or slightly 
thickened upwards, minutely pruinose, phialides forming a palisade 
layer over the synnema, conoid, narrowly flask-shaped or sul)cy- 
lindric, 12-18x4-6/*, pale brown, abruptly narrowed at the apex 
into a short cylindric sterigma, 3-6 X 1 /*; conidia smooth, nar¬ 
rowly ovoid or fusoid, 9—15 X A —5 /*, with a short truncate apeculus. 

Dominica, B. W. I. * On aphids, January, 1940, R. G, Fennah. 

Specimens of this species have not been seen. The description 
is adapted from that published by Fetch who states that hyphae of 
Hirsutella aphidis Fetch also occurred with the Hymenostilbe. 

11. Hymenostilbe formicarum Fetch, Trans. British Mycol. 

Soc. 16: 218. 1932 

Synnemata simple, terete, up to 14 mm. long, 0.2 mm. thick 
below, enlarged to 0.3 mm. above, or furcate above, pale brown, 
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Figs. 16-21. Phialides and spores of Akanthomyces and Insecticola. 
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ashy above, fibrillose below, pruinose above; phialides cylindric, 
24 X 4 /jt, verrucose above, with one or two broad truncate sterig- 
mata; conidia narrowly clavate or subcylindric, 6-11 X 1-1.2 fi, one 
end acute, the other truncate or rounded. 

Miss Charles (1) reports this species from Panama. Specimens 
have not been seen and the description is adapted from Fetch who 
reports it associated with the perithecial clavae of Cordyceps 
Iloydii Fawcett in collections from British Guiana. 



Figs. 22-26. Phialides and spores of Insecticola and Hymenostilbe, 
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12. Hymenostilbe camponoti sp. nov. Figs. 2SA-B 

Synnema cylindricum, 8 mm. longum, 0.3 mm. crassum, furcatum, griseo- 
brunneum, ex longitudinalis hyphis compositum; phialides densum hymenium 
formantes, subcylindricae vel clavatae 6-10 X 3-3.5 superne acutae, sterig- 
matibus 4 M longis; conidia late fusoidea, 4-6 X 2 hyalina. 

Ex Camponoto sp., Crescent City, Florida, in Herb. Univ. Mich. 

Synnema arising between the head and thorax of an ant, cylin- 
dric, 8 mm. long, 0.3 mm. thick below, furcate above into two short 
branches, grayish brown, composed of longitudinal, closely com¬ 
pacted hyphae; phialides in a dense layer covering the synnema, 
terminal on short lateral branches from the outer hyphae, subcylin- 
dric, 6-10 X 3-3.5 fi, narrowing above to an acute apex terminated 
by a sterigma up to 4 /a long; smooth; conidia broadly fusoid, 
4-6 X 2 fi, acute at the ends, hyaline. 

From an ant, Camponotus sp., Crescent City, Florida (M). 

This specimen was among undetermined collections in the Far- 
low Herbarium. It differs from Hymenostilbe formicarum in hav¬ 
ing smooth phialides with acute apices and in the size and shape of 
the conidia. Fetch (12) has reported Hymenostilbe melanopus on 
ants in South America. As has been discussed elsewhere (8) the 
fungus on ants is not H. melanopus which was described by Spegaz- 
zini (19) on beetles. The Hymenostilbe on ants which is con¬ 
nected with Cordyceps australis differs from H, camponoti in 
having ovoid phialides which are minutely verrucose at the apex 
and with a short truncate sterigmata. The conidia are described 
as fusoid, 7-9 X 1 fi, with a truncate base. 

13. Hymenostilbe sphecophila (Ditm.) Fetch sensu Fetch, 
Trans. British Mycol. Soc. 21: 55. 1937 

Isaria sphecophila Ditm. ex Fr., Sys. Mycol. 3: 275. 1832. 

Synnema arising from the thorax of a wasp, terete, up to 3 cm. 
long, 0.5 mm. thick, composed of longitudinal, parallel hyphae; 
phialides forming a compact palisade layer, arising as lateral cells 
from the longitudinal hyphae of the synnema, subcylindric to cla- 
vate, 16-24 X 4-5 /a, acute at the apices ; conidia fusoid, 6-12 X 
2.5-3.5 /ii. 

Fuerto Rico; On wasp. Ins. Exp. Sta. Rio Fiedras, R. A. Toro 
(FH). 
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This apparently is the Puerto Rican specimen in the Farlow 
Herbarium, to which Fetch (14) refers in his discussion of Isaria 
sphecophUa Ditm. He determined it as “Cordyceps sphecocephda 
(immature). It is doubtful whether it is Ditmar’s fungus. Dit* 
mar’s illustration (2) suggests a Hirsutella as Speare (18) has 
pointed out. Fetch (14) recognized the possibility but decided 
that Ditmar s name applied to a Hymenostilbe because only speci¬ 
mens of a Hymenostilbe on wasps were known to him. He states 
that it is the conidial stage of Cordyceps sphecocephcUa. 

14. Hymenostilbe verrucosa sp. nov. Figs. 15; 26A-B 

Mycclia subflava, floccosa, hospitis contegentia; synnemata anguste cylin¬ 
drical 1-4 mm. longa, 0.2-0.4 mm. crassa, pallide brunnea, ex longitudinalis 
hyphis composita; phialides cylindricae vel clavatae, densum hymenium for- 
mantes, 12-18 X 2-3 superne verrucosae vel tuberculosae; conidia obo- 
voidea, 6-8 X 2-3.5 hyalina. 

Ex araneis, Kittery Point, Maine, R. Thaxter (FH 6270B). 

Mycelia yellowish-white, cottony, covering hosts and attaching 
them to the substratum; synnemata narrowly cylindric or slightly 
clavate, 1-4 mm. long, 0.2-^.4 mm. thick, pale brown, composed of 
longitudinal hyphae; phialides forming a compact hymenium cover¬ 
ing the synnema, produced as the terminal cells of short branches 
from the longitudinal hyphae, cylindric or clavate, 12-18 X 2-3 fi, 
verrucose or tuberculate at the apices; conidia obovoid, 6-8 X 2- 
3.5 fi, hyaline. 

Maine: On spiders, Kittery Point, R. Thaxter (FH 6270B). 

This collection was determined by Fetch as Hymenostilbe arach- 
nophila (Ditm.) Fetch. It agrees with the description given by 
him (11) for two specimens in the Kew Herbarium from South¬ 
ampton, England. As has been discussed under Akanthomyces 
aranearum, the name Isaria arachnophila Ditm. cannot be applied 
with any certainty to the several species of fungi on spiders. It is 
more likely to be a species of Akanthomyces than Hymenostilbe, 
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Fig. 1. Akanthomyces aculeata, A.H.S. 26556. Development on adult 
moth showing scattered synnemata, X 3. Figs. 2-3. Akanthomyces angusti- 
spora, type; Fig. 2. Synnemata developing from coleopterous larva, X 3. 
Fig. 3. Lateral hymenial surface of synnema showing crowded phialides, 
X 800. Fig. 4. Akanthomyces ampulHfera, type. Synnemata developing 
from a gnat, X 6. Figs. 5-6. Akanthomyces aranearum, FH 4123; Fig. 5. 
Synnemata from a small spider, X 2. Fig. 6. Lateral hymenial surface of 
synnema showing somewhat scattered phialides, X 800. Figs. 7-8. Insecticola 
clavata, type; Fig. 7. Infected cricket showing scattered synnemata, X 3. 
Fig. 8. Synnemata, X 25. Figs. 9-10. Insecticola pistillariaeformis, FH 2584; 
Fig. 9. Infected moth showing scattered synnemata, X 3. Fig. 10. Synnemata 


with upper sporogenous portions covered with pulverulent masses of conidia, 
X 25. Fig. 11. Insecticola fragilis, tyjie, showing scattered synnemata, X 3. 
Figs. 12-13. Hymenostilbe dipterigena; Fic. 12. Two synnemata (right) 
associated with three perithecial bearing clavae (left) of Cordyceps dipteri¬ 
gena on a fly, FH 6192, X 3. Fig. 13. Synnemata from a fly, Kervorkian 52, 
X 5. Fig. 14. Hymenostilbe lecaniicola showing synnemata arising from 


scale insects, Jaap Fungi Sel. Exsic. 298, X 5. Fig. 15. Hymenostilbe verru¬ 
cosa, type, showing synnemata arising from small spider, X 6. Figs. ^ 16 
A-C. Akanthomyces aculeata: A. Phialides and catenulate conidia terminating 
a longitudinal hypha of a synnema, X 2000; B. Phialides arising as lateral 
cells of an outer hypha of the synnema, X 2000 ; C, Conidia, X 3000. Fig. 
17 A-B. Akanthomyces angustispora: A. Phialides arising as lateral cells or 
terminating short lateral branches covering the synnemata, X2000; B, 
Conidia, X 3000. Fig. 18 A-C. Akanthomyces ampulHfera: A. Chain of 
conidia, X 1000; B. Phialides arising as lateral cells from outer hypha of 
synnema, X2000; C. Conidia, X 3000. Fig. 19 A-C. Akanthomyces arane¬ 
arum: A. Phialide with catenulate conidia, X 1000; B. Phialides arising as 
lateral cells of outer hyphae of synnema, X2000; C. Conidium, X 3000. 
Fig. 20 A-B. Insecticola clavata: A. Phialides terminating hyphal branches 
in the upper portion of the synnema, X 2000 ; B. Conidia, X 3000. Fig. 21 
A-C Insecticola fragilis: A. Phialides terminating hyphal branches m the 
upper portion of synnema, X 2000; B. Terminal portion of a short flexuous 
hypha from the stipe, X 2000; C. Conidia, X 3000. Fig. 22 A-B. Insechcola 
pistillariaeformis: A. Phialides and catenuUte “"«.a terminal^ branches 
in the upper portion of the synnema, X 2000; B. Cornea, X 3000. F g. 
A-C. Hymenostilbe dipterigena: A. Phialides ter^atmg latera. brands 
covering the synnema, XlOOO; B. Phialides, X 2000; C. Conidia, X 30W. 
FiC. 24 A-B. Hymenostilbe lecaniicola: A. Phialides arisi^ “ rla 

over the surface of the synnema, X 2000; B. Conidia. X 30)0 Fic. 25 A-B 
Hymenostilbe camPonoti: A. Phialides terminating short lateral branches 
covering the synnema, X 2000; B. Conidia, X 3000. Fig. 26 A-B. H^tM- 
stilbe Irrucosa: A. Phialides from short lateral branches covering the 
synnema, X 2000; B. Conidia, X 3000. 
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Since the dermatophytes occur in superficial tissues (hair, skin, 
nails) of mammals, and since the chief proteinaceous constituent of 
these tissues is keratin, it has often been assumed that the derma- 
•tophytes are capable of digesting keratin. This presumed ability 
is of interest, because under normal conditions, keratins are resist¬ 
ant to hydrolysis by such proteolytic enzymes as pepsin or trypsin. 
The reason for the indigestibility of keratins must lie in their prop¬ 
erties. These scleroproteins, as is well known, are insoluble in 
water, dilute acids and bases, ethanol, or salt solutions. They are 
highly polymerized compounds made up of polypeptide chains 
bound laterally by disulfide linkages which maintain the three- 
dimensional shape of the molecule. 

Dermatophytes have been grown in culture with various types 
of keratin as substrata, but in no case have the cultures been 
observed in sufficient detail to establish that keratin is* actually 
digested. For example, wool (Bonar and Dreyer, 1932; Rogers, 

1 Portion of a thesis submitted to the faculty of Haivard University in 
partial fulfillment of the requirements for the degree of Doctor of Philosophy. 

2 The author wishes to express his gratitude to Prof. Wm. H. Weston for 
his encouragement and guidance during the course of this study and prep¬ 
aration of the manuscript. This investigation was carried out during the 
tenure of a Junior Research Fellowship, National Institute of Health. 
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Hirschmann, and Humfeld, 1940), human hair (Roberts, 1894; 
Bonar and Dreyer, 1932; Williams, 1934, 1934a, 1935), and feath¬ 
ers (Macfadyen, 1894; Tate, 1929) have supported the growth of 
a variety of fungi belonging to this .group. Growth on substrata 
as complex as hair, feathers, or wool cannot, however, be consid¬ 
ered proof of the ability of these fungi to digest keratin. 

A detailed study of the growth of dermatophytes on keratin- 
containing substrata was of interest, therefore, to establish the 
ability of these fungi to digest keratin, to consider the process with 
respect to general problems of the relation of organisms to insolu¬ 
ble substrata, and to compare the features of the growth in vitro 
with those encountered in the clinic. While these objectives of 
this investigation were not fully attained, such progress as has 
been made is presented in the hope that it may be of service to 
others working in the same field. 

MATERIALS AND METHODS 

Cows' horn, fingernails, wool, and human hair were selected as 
representative types of keratinized tissue and were prepared for 
study in the following ways. Cows’ horn, .obtained from a 
slaughter house, was reduced to a finely particulate state in two 
ways. In some cases a file was used, and, though tedious, this 
method was advantageous in that the particles were thin ribbons 
with a large surface area. In other cases, the horn was broken 
up and ground in a laboratory model Wiley mill to pass a 40 mesh 
screen. Both methods were designed to avoid the alteration of 
the properties of keratin which occurs when it is subjected to 
prolonged grinding in a ball mill (Routh, 1940). For some obser¬ 
vations the ground horn was incorporated in 2.0% tap water agar 
and sterilized by autoclaving at 15 lbs. pressure for 15 minutes. 
In a second series of observations heat sterilization was avoided by 
the use of chloroform, and the horn was addec^ to autoclaved 2.0% 
agar which had cooled almost to the point of gelation. The me¬ 
dium was agitated while it was poured into Petri dishes, so that 
the particles were distributed and partially suspended in the agar. 
The fingernails were prepared by grinding in the Wiley mill, after 
which they were washed with 0.1% sodium taurocholate and fur- 
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ther cleaned by extraction with ether and acetone. The powder 
was added to 2.0% agar and sterilized by autoclaving. The wool, 
which was unscoured and solvent-extracted, was combed to re¬ 
move debris, washed with soap and water, extracted repeatedly with 
ether, and dried. Following sterilization with 70% ethanol, it 
was placed in a sterile Petri dish and warm agar was added. The 
pigment in human hair obscured details of the fungus attack; 
therefore, grey hairs which were devoid of pigment were selected 
for study. The hair was prepared by washing it with 0.1% sodium 
taurocholate and rinsing with water and acetone. ^ It was then 
extracted repeatedly with small portions of ether to remove any 
fats remaining and sterilized by immersing it in 70% ethanol for 
one hour. After sterilization a few strands were placed in a sterile 
Petri dish and warm agar was added. 

The media were inoculated, and the cultures were incubated at 
30° C. The cultures were observed frequently through the bot¬ 
tom of the inverted Petri dish with the 16 mm. objective of the 
microscope. Typical areas of the medium were selected, and 
photomicrographs of these areas were taken at suitable intervals 
by means of a Leitz Ibso attachment. 

In addition to the observations on human hair embedded in agar, 
details of the attack on human hair were studied by placing hairs 
in Petri dishes with sterile tap water and inoculating with Micro- 
sporuni (jypseam. Hairs were removed from the cultures at vari¬ 
ous intervals after inoculation, mounted in lactophenol with acid 
fuchsin; and ob.served with the microscope. 

observations 

Horn. In preliminary experiments several dermatophytes were 
grown on the horn medium. Plates of autoclaved horn medium 
were inoculated with three isolates each of Microsporum gypseum, 
M. canis, M. Audouini, Trichophyton mentagrophytes, T. rubrum, 
T. tonsurans, and Epidermophyton floccosum.^ All of the fungi 
grew on the horn medium, but growth was diffuse and prostrate 

3 For these cultures, the author is indebted to Miss Margarita Silva of the 
School of Tropical Medicine, San Juan, Puerto Rico and to Dr. C. Wi 
Emmons of the National Institute of Health, Bethesdn, Md* 
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when compared with that on Sabouraud’s agar. After two weeks, 
clear zones were formed under the centers of the colonies because 
of the partial disappearance of the horn particles from the medium. 
As a quantitative measure of the ability of the fungi to digest horn, 
the diameter of the clear zones did not prove satisfactory, because 
the margins of the zones were difficult to delimit, and the degree 
of transparency of the zones varied with the different strains. M. 
gypseum, M, canis, and T. ruhnim produced zones which were 
larger with respect to the diameter of the colony and more trans¬ 
parent than the zones produced by the other fungi. M. Audouini, 
on the other hand, formed relatively small zones in which the par¬ 
ticles of horn were translucent rather than transparent. The size 
and transparency of the cleared zones produced by one isolate of 
M. gypseum (S-159) suggested that it was the most active of the 
fungi tested in its ability to digest horn. This strain also grew 
rapidly and vigorously, and was therefore selected for use in the 
observations which follow. 

In a series of detailed experiments with Microsporum gypseum 
(Bodin) Guiart and Grigorakis microscopic observations on indi¬ 
vidual fragments of horn showed that they became translucent and 
ultimately disappeared almost completely. A series of photomi¬ 
crographs showing the digestion of a fragment of horn which had 
been ground in the Wiley mill and partially sterilized with chloro¬ 
form is shown (fig. 1). Although the chloroform did not effect 
complete sterilization of the horn, no contaminants appeared in the 
field selected for study. Since the fragment was located at some 
distance from the site of inoculation, the hyphae did not reach the 
vicinity of the particle until between 24 and 48 hours after the 
plate had been inoculated. The first hyphae to enter the field of 
observation were hyphae which radiated from the site of inocula¬ 
tion, and the direction of their growth appeared to be little influ¬ 
enced by the presence of the horn particles^ After these hyphae 
had grown past a particle, they gave rise to numerous side branches 
which grew toward the particle and bepame closely applied to it 
(fig. 1, b). Very little change in the appearance of the particle 
was apparent at this stage. By 96 hours after inoculation of the 
plate, however, a definite alteration of the appearance of the par¬ 
ticle was visible (fig. 1, c). The margin of the particle had 




Fig. 1. Digestion of cows’ horn by Microsporum gypseum. 
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become indistinct in outline and somewhat translucent. The zone 
of translucence gradually extended until the particle had all but 
disappeared at the end of 240 hours after inoculation. 

While the sequence of events described in the preceding para¬ 
graph is typical, the time required for the digestion of a fragment 
varied considerably depending on its size, shape, proximity to the 
point of inoculation,, and previous treatment. The thin ribbons of 
horn produced by filing and sterilized by autoclaving disappeared 
more rapidly than the thicker particles produced by the Wiley mill 
and sterilized with chloroform. 

Fingernails, Preliminary observations on the digestion of frag¬ 
ments of human fingernails indicated that the process was very 
similar to the digestion of horn. The particles of fingernail in 
microscopic appearance closely resembled those of horn, they were 
approached by the hyphae in the same way, and they were digested 
in approximately the same length of time. 

Wool, Wool represents a more complex form of keratinized 
tissue than does horn or fingernails, because the molecular units 
are oriented longitudinally, and each fiber is differentiated into a 
central region, the cortex, composed of spindle-shaped cells and an 
external sheath, the cuticle, made up of thin, overlapping scales. 
The digestion of wool was not studied in detail, because such stud¬ 
ies are currently in progress in another laboratory; however, a 
brief descrip;ti^ istijjpluded for the sake of completeness. 

In one series, observations on the digestion of a wool fiber were 
made daily over a 10-day period. The fungus appeared to be able 
to penetrate the cuticle readily, since many of the fibers were at¬ 
tacked at several points along their length. Whether the hyphae 
gained entry to the cortex through or between the scales of the 
cuticle was not determined, but in any case, there was little distor¬ 
tion of the fiber at the point of penetration. After penetrating the 
cuticle, the hyphae grew longitudinally withip the cortex. Accom¬ 
panying the longitudinal growth were opaqile’areas which appeared 
as dark shadows. These opaque areas extended, and in some cases 
the longitudinally oriented hyphae could be distinguished within 
them. The substance of the cortex gradually disappeared, so that 
by a late stage little remained of the fiber but the cuticle which 
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enclosed the hyphae. The cuticle appeared to be more resistant 
to the action of the fungus than the cortex, and it was observed to 
be completely digested in only limited areas. 

Human hair. Human hairs are more complex histologically 
than wool, since they are differentiated into three regions. In 
addition to the cortex and the cuticle, there is a third region, the 
medulla, which occupies the central axis of the hair ^haft and may 
be continuous, fragmental, or absent in any one hair. The medulla, 
when present, is composed of somewhat rounded cells. 

A series of photographs showing a hair under attack by M. 
tjypseum is shown (fig. 2, a-h). At the site chosen for study the 
hair was approximately 115 ft in diameter, and it possessed a con¬ 
tinuous medulla. Forty-eight hours after the plate had been in¬ 
oculated the first hyphae entered the field and gave rise to branches 
which approached the hair shaft. In some cases the hyphae pro¬ 
ceeded along the surface of the hair for some distance. These 
hyphae were not visible in unstained preparations but could be 
observed easily in hairs fixed and stained with acid fuchsin in lacto- 
phenol. These hyphae which were closely appressed to the hair 
shaft appeared to be the ones responsible for penetration. The 
mode of penetration was difficult to establish: in one case a scale 
of the cuticle appeared to be loosened by mechanical action, but it 
seems possible that penetration is enzymatic. 

Two processes took place almost concurrently after penetration 
had been effected. First, there was a proliferation of the fungus 
beneath the cuticle together with an apparent swelling of the cortex, 
so that a vesicle or eruption was formed. The size of these erup¬ 
tions varied considerably; sometimes they were relatively small 
(fig. 2, i~k), while occasionally they attained a height equal to the 
diameter of the hair. Second, some of the hyphae digested their 
way directly into the cortex of the hair to form intrusions which 
were first conical (fig. 2, i) and later became cylindrical (fig. 2, 
j, k). These intrusions were best studied^in hairs fixed and 
stained with acid fuchsin in lactophenol. The unattacked portions 
of the hair remained unstained, but the intrusions were deeply 
stained by the acid fuchsin. In medullated hair the intrusions 
usually penetrated only as far as the medulla, but occasionally they 
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appeared to pass through the hair shaft. Breakdown of the cortex 
appeared to extend longitudinally from the intrusions (fig. 2, j). 
The attacked areas of the cortex appeared as dark shadows which 
gradually extended until the entire hair had lost its original 
appearance (fig. 2, h). 

Human hair under attack hy M, gypsemn was studied with the 
polarizing microscope and compared with hair viewed with ordi¬ 
nary light. Normal hair showed strong birefringence when viewed 
with polarized light. The intrusions, however, showed no bire¬ 
fringence and remained dark when observed through crossed 
Nichol’s prisms in strong contrast to the unattacked portions of 
the hair. Regions of the hair where the cortex had been attacked 
showed diminished birefringence at the edges of the zone of attack 
and no birefringence where the shadows appeared darkest under 
ordinary light. 


DI.SCUSSION 

From a theoretical standpoint, the most significant result of the 
present investigation was the indication that Microsporum gypseum 
and other dermatophytes are capable of digesting keratin. The 
almost complete disappearance of particles of horn and fingernails 
and the loss of birefringence by hair during attack by the fungus 
indicate that keratin was digested. 

Observational evidence for keratin digestion, while not quanti¬ 
tative, is superior in several respects to other possible criteria and 
is, therefore, a valuable adjunct to them. The criterion of the 
measurement of the tensile strength of fabric v/hich has been widely 
used in the study of the degradation of cellulosic textiles is open to 
objection wh^n applied to multicellular keratinized material, be¬ 
cause a decrease in tensile strength might indicate a breakdown of 
the intercellular cement rather than of the keratinized cells. Simi¬ 
larly, growth of an organism on keratin-containing substrata or the 
accumulation of by-products of metabolism in a medium might 
prove misleading unless supported by other evidence. 

While keratins are re.sistant to the action of proteolytic enzymes 
of the higher vertebrates (c/. Routh and Lewis, 1938), digestion 
of keratins has been demonstrated with several organisms, notably 
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the clothes moth (Linderstr^m-Lang and Duspiva, 1935), the 
goshawk and vulture (Stankovic, Arnovljevic and Matavulj, 
1929), and certain Actinomycetes (Jensen, 1930). Moreover, it 
seems probable that some of the Chytrids are able to digest kera¬ 
tins, since they appear to be limited in growth to keratinized tissues 
(Karling, 1948). 

Although contact between hyphae and substratum is not a requi¬ 
site for digestion, the hyphae must be close to a fragment before 
it is digested. Even with horn sterilized by autoclaving, the par¬ 
ticles showed no sign of digestion until the hyphae had been in the 
near vicinity of a particle for at least 24 hours. This observation 
is in agreement with the macroscopic appearance of plates of horn 
medium, for in no case was the clear zone in the medium observed 
to extend beyond the margin of the colony. For example, on the 
horn medium the diameter of IS-day-old colonies of M. gypsemn 
averaged 75 mm., while the clear zones averaged only 53 mm. in 
diameter. This result was in contrast to that obtained on a medium 
of coagulated casein where the clear zone extended beyond the 
hyphal tips. These results suggest either that the enzyme respon¬ 
sible for the digestion of keratin does not diffuse rapidly, or that 
the digestion of the large particles of horn was so slow that the 
hyphae grew past the fragments before any change in their ap¬ 
pearance could be detected. Another possibility, of course, is that 
the enzyme is oxidized or otherwise inactivated after it has dif¬ 
fused some distance from a hypha, but observations provide no 
clue as to which of these alternative explanations is valid. 

Actual contact of the hyphae with the particle of horn is un¬ 
necessary for digestion to occur, because the born disappeared from 
within the meshes of the reticulum of branch hyphae which was 
formed around a fragment of horn. This behavior suggests, there¬ 
fore, that the enzyme responsible for the digestion of the keratin 
is not adsorbed on the surface of the hyphae. 

With horn there was no evidence of orientation of the hyphae 
with respect to the orientation of the miqelles of the substratum. 
With wool, the hyphae ran parallel to tlie orientation of the mi¬ 
celles, but the direction may have been the result of the physical 
confinement imposed by the cuticle. Hyphae attacking human hair 
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first ramified over the surface, then penetrated the hair at right 
angles to the axis, and finally extended into the cortex in a direc¬ 
tion parallel to the axis. Microsporum gypseum, in its attack on 
keratin, did not, therefore, show the precise orieiitation with re¬ 
spect to the direction of the micelles which is characteristic of the 
attack of certain organisms on cellulose (Stanier, 1942; l^ailey and 
Vestal, 1937). 

From the point of view of medical mycology, the ability of A/. 
gypseum to attack fingernails vigorously in vitro is of interest, 
since this organism does not appear to be an etiologic agent of 
onychomycosis. Some factor other than the nature of the keratin 
must be responsible for the distribution of the fungus on the host. 

The growth on hair also differs from that observed in the clinic. 
The spore sheath, which characteristically surrounds the hair shaft 
in cases of tinea capitis caused by members of the genus Micro¬ 
sporum, was absent in the hairs eml)edded in agar, and both 
macroconidia (juseaux) and microconidia were produced in abun¬ 
dance on the surface of the medium. Invasion of the hair shaft 
occurred regularly in these cultures, whereas in cases of tinea 
capitis caused by M. gypseum, the reports are conflicting. Carrion 
and Silva (1944) report that invasion occurs, while Lewis and 
Hopper (1943) state that it does not. 

Dkpartmknt of Biological Sciences, 

Stanford University, 

Stanford, California 
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EXPLANATION OF FIGURES 

Fig. 1. Photomicrographs showing representative stages in the digestion 
of a particle of cows* horn by Microsporum gypseum. a, Appearance of par¬ 
ticle at time of inoculation, b-f, Appearance of particle after 52, 96, 120, 144, 
and 196 hours respectively. X 112. 

Fig. 2. Photomicrographs showing human hairs attacked by Microsporum 
gypseum, a-h, Successive stages in the attack of gypseum on a human 
hair embedded in agar. X 75. a. Hair at time of inoculation, b-h. Photo¬ 
graphs taken daily from the second to the eighth day respectively, i-k. Hairs 
fixed and stained with lactophenol and acid fuch^in. X 425. i. Portion of 
hair showing'eruption of cuticle and intrusion of fungus into cortex, j. Por¬ 
tion of non-medullated hair showing initiation of longitudinal attack, k. 
Intrusion penetrating to medulla. Note macroconidium of M. gypseum ad¬ 
hering to surface of hair. 



ASHBYA GOSSYPII—ITS SIGNIFICANCE IN 
NATURE AND IN THE LABORATORY* * 


Thomas G. Pridham and Kenneth B. Raper 

Fermentation Division, Northern Regional Research Laboratory, 2 
Peoria, Illinois 

(with 4 figures) 

For the past several years investigations concerning the yeast¬ 
like fungus Ashbya gossypii (Ashby and Nowell) Guilliermond 
have centered around its capacity to synthesize large amounts of 
riboflavin, or vitamin Bg. Aside from its flavinogenic potentiali¬ 
ties, however, A. gossypii possesses certain other characteristics 
which accentuate its importance to man. Its pathogenicity to¬ 
wards important crop-plants is of considerable economic concern. 
Its physiological activities are utilized in certain fundamental stud¬ 
ies and in a microbiological assay for the vitamin biotin. Finally, 
its anomalous morphology and cultural behavior present interest¬ 
ing problems relative to its classification and possible phylogenetic 
relationships. The present report is an attempt to assemble avail¬ 
able information concerning these unique characteristics of A. gos~ 
sypii and its potentialities as a vitamin producer. 

OCCURRENCE AND PATHOGENICITY 

Ashbya gossypii (Ashby and Nowell) Guilliermond, otherwise 
known as Nematospora gossypii Ashby and Nowell, or Ashbia 
gossypii Ciferri and Fragoso (Ashby and Nowell, 1926; Guillier¬ 
mond, 1927, 1928; Fragoso and Ciferri, 1928; Ramsbottom, 1942) 

1 Report of a study made under the Research and Marketing Act of 1946. 

2 One of the laboratories of the Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, U. S. Department of 
Agriculture. 

*A portion of the material here reported was included in a thesis sub¬ 
mitted by the senior author to the faculty of the University of Illinois, June 
1949, in partial fulfillment of the requirements for the degree of doctor pf 
philosophy in bacteriology. 
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was possibly first observed by Bartlett in 1907. He noted the 
characteristic spores of either this organism or Nematospora coryli 
Peglion in infected cotton bolls from British Guiana, but was un¬ 
able to isolate the organism in pure culture. The first isolation 
and characterization was recorded by Nowell in 1916-1917 who 
found the organism to be one of four species infecting cotton in 
the British West Indies (Nowell, 1915, 1916, 1917, 1917a). Dur¬ 
ing the same period Nowell (1917a, 1918) obtained further evi¬ 
dence regarding its occurrence. He observed that certain sucking 
insects were of importance in its dissemination and that tomatoes 
could also serve as a host. The organism was more fully charac¬ 
terized and given the name Nematospora gossypii some years later 
when it was isolated from the lint and seeds of cotton originating 
in the British West Indies and Nyasaland, and from the seeds of 
jimson weed and milkweed (Ashby and Nowell, 1926). 

It has since been reported as a widely distributed and destruc¬ 
tive pathogen of a variety of important economic crop-plants, in¬ 
cluding cotton, coffee, citrus fruits, tomatoes, okra, and various 
legumes (table 1). It has been isolated in North America only 
occasionally. 

Other possible hosts have been reported by Wingard (1925), 
and the list could undoubtedly be expanded were the host plants 
of the insects responsible for the transmission of this and related 
microorganisms thoroughly investigated. 

In cotton, the disease produced through infection with Ashbya 
gossypii and related organisms in the genera Nematospora, Sper- 
mophthora, and Eremothecium is variously termed “Stigmatomy- 
cosis,*' “Internal Boll Rot,” or “Cotton Staining.” The organisms 
infect the developing lint fibers which become dirty-yellowish in 
color and mat onto the seeds. The seed coats become stained 
brown in spots and as the bolls age the locks become totally re¬ 
tarded and the lint is reduced to a papery rnembrane. The seeds 
are not penetrated unless mechanical injury occurs. Infection 
results either in premature dropping of the bolls, or in a drying 
out of those which remain on the plant. The characteristic symp¬ 
toms of the disease have l)een more fully described elsewhere 
(Pearson, 1934a, 1947; Wallace, 1939; Wickens, 1947). Tre- 
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mendous annual losses occur in African cotton-growing regions as 
a result of this infection. 

In coffee, the seeds are affected, the disease appears in the form of 


TABLE I 

Reported Hosts and Geoc.raphic Location of Ashbya gossypii Isolations 

Reported host Location 

Asclepias curassavica .Trinidad, B.W.I. (!)• 

Centrosema plumieri .Belgian Congo (16) 

Citrus aurantium .Florida (17) 

Citrus nohilis .Florida (17) 

Coffea arabica .Belgian Congo (8), Kenya (7, 9), Tanganyika (16) 

Coffea robusta .Uganda (16) 

Datura metel .Montserrat, B.W.I. (1) 

Glycine max .Belgian Congo (16), Union of S. Africa (16) 

Glyane soja .Belgian Con^o (16), Union of S. Africa (16) 

Gossypium spp .Anglo-Egyptian Sudan (19), Antigua, B.W.L. 

(1, 11), Bahama Is. (19), Belgian Congo (2, 12, 
14, 18, 20), Bequia, B.W.L (11), Brazil (16), 
British Guiana (11), Burma (12), Dominican 
Rep. (3), Grenadine Is., B.W.I. (1), Fiji (19). 
Jamaica (19), Kenya (19), Montserrat, B.W.I, 
(1, 11), Natal (19), Nevis, B.W.I. (1, 11), 
N. Rhodesia (19), Nyasaland (1, 13, 19), Por¬ 
tugese E. Africa <19), Queensland (19), S. 
Nigeria (6, 19), S. Rhoclesia (5, 19), St. Vincent, 
B.W.I. (1, 11, 19), Swaziland (19), Tanganyika 
(16, 19), Trinidad, B.W.I. (1), Uganda (4, 19), 
Union of S. Africa (10, 15, 19) 

Hibiscus sp.Brazil (16) 

Hibiscus cannabinus .Tjganda (16) 

Hibiscus esculentus .Uganda (16) 

Lycopersicum esculentum ,.. .St. Vincent, B.W.I. (11) 

Per sea gratissima .Uganda (14) 

Phaseolus lunatus .Belgian Congo (16) 

Phaseolus mungo .Union of S. Africa (16) 

Phaseolus vulgaris .Union of S. Africa (16) 

Sida sp.Brazil (16) 

Sterculia platinifolia .Union of S. Africa (16) 

Vigna sp.Belgian Congo (16) 


•References refer to citations in table: (1) Ashby and Nowell, 1926; (2) 
Brixhe, 1938; (3) Fragoso and Ciferri, 1928; (4) Hansford, 1930; (5) Hopkins, 
1932; (6) Laycock, 1935; (7) LePelley, 1942; (8) Leroy and Hendrickx, 1941; 
(9) McDonald, 1932, 1933; (10) Moor, 1930; (11) Nowell, 1915, 1916, 1917, 
1917a, 1923, 1939; (12) Rhind, 1927; (13) Richardson, 1941; (14) Steyaert, 
1934, 1934a, 1936, 1939, 1046; (15) Ullyeti, 1930; (16) Wallace, 1932, 1939; 
(17) Weber, 1933; (18) Publ. Inst. nat. Etud. agric. Congo beige, 1939, 1941, 
1943; (19) Emp. Cott. Grwg. Repts., 1926-1948; (20) Bull. Agric. Congo 
beige, 1941. 


a dry rot with blackening and shrinking of the lieans. This leads to 
“floats” after pulping, and to cracking of the beans in the drying 
frames (Wallace, 1931,. 1932, 1939). When infections occur in 
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leguminous plants, the disease is generally termed ''Yeast Spot.” 
The seeds become dry, shrivelled, and dark (Wallace, 1932). 

Numerous studies sponsored primarily by the Empire Cotton 
Growing Corporation of England have demonstrated conclusively 
that Ashbya gossypii and related micro-organisms are transmitted 
from plant to plant by certain hemipterous insects (see Emp. Cott. 
Grwg. Corp. Repts., 1926-1948; Bull. Agric. Congo Beige, 1941; 
Frazer, 1944; Hansford, 1927, 1930; Laycock, 1935; LePelley, 
1942; Marsh, 1926; McDonald, 1932, 1933; Moor, 1930; Nowell, 
1917a; Pearson, 1934; Rhind, 1927; Steyaert, 1939, 1946; Ullyett, 
1930; Wallace, 1932; Weber, 1933; Wickens, 1942; Williams, 
1934). Various species of Dysdercus (cotton stainers) have been 
the most frequently observed carriers, with species of Nezara 
(green bug), Leptoglossus (leaf-footed tomato bug), Phthia (red 
tomato bug), Antestia (coffee bug), and Callidea less often impli¬ 
cated. Antestia species have been observed as carriers in all cases 
of coffee bean infection. 

These insects mechanically transmit the organisms from plant to 
plant during the course of their feeding. The spores or mycelium 
are carried as external contaminants on the mouth parts and in the 
deep stylet pouches. Spores apparently do not remain viable or 
germinate after reaching the intestinal tracts of the insects, but 
may germinate in the stylet pouches. Spreading of the organisms 
may be accomplished in two ways. In some cases, spores or 
mycelia are cast off with the exuvij^during moulting and may, 
by chance, enter an open wound in plant, the fungus itself 
being unable to penetrate the outer cells of the host. The most 
important mode of infection is through injection of the spores by 
the insects into the tissue of the host. The characteristic needle- 
shaped spores of A, gossypii and related organisms are especially 
well adapted for this mode of infection. In experimental trials, 
spraying or surface inoculation of sustt^tible hosts are usually 
unsuccessful, while injection by syringe usually results in active 
infection. 

A number of factors affect the degree of infection of cotton bolls, 
including age and sugar content of the l)olls, and humidity. Young 
bolls are highly susceptible, whereas bolls four to five weeks or 
older are relatively resistant to infection; the sugar content of bolls 
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ranges from approximately SO per cent at one week to less than 1 
per cent at maturity, accompanied by a steady decline in suscepti¬ 
bility; high humidity increases the incidence of infection (Marsh, 
1926; Emp. Cotto. Grwg. Repts., 1926-1948; Hopkins, 1932; 
Pearson, 1934, 1939, 1947; Steyaert, 1936, 1938, 1939; Rainey, 
1940, 1948; Wickens, 1947). 

The staining of cotton by these organisms is due apparently to 
a modification of the protoplasm of the central canal of the lint 
hairs (Marsh,. 1925). Pearson (1934) enlarged upon this theory 
by indicating that such a modification followed killing of the fibers 
by a toxin secreted by the organisms. He reported that decrease 
in susceptibility with age of the bolls was due to evacuolation of 
the lint hairs and drying which impeded the movement of toxic 
substances within the hairs. In later experiments Pearson (1947) 
was unable to redenionstrate toxin production by A. gossypii. 

The fact that A. gossypii is an important plant pathogen has 
caused some concern regarding its use in an industrial process for 
the production of riboflavin. However, our attempts to isolate 
viable cultures from drum- or spray-dried fermentation residues 
have been unsuccessful. In addition, preliminary thermal-death¬ 
time studies have indicated that the organism is rather susceptible 
to moderate temperatures under laboratory conditions, being killed 
in less than 20 minutes at 60° C and in less than 5 minutes at 
70° C when exposed in fermented liquors. 

TAXONOMY AND RELATIONSHIPS 

Ashbya gossypii offers a challenge to the taxonomist, since it 
appears to possess characteristics of both phycomycetous and asco- 
mycetous fungi. Its anomalous morphology presents problems in 
classification and poses questions as to its phylogenetic relation¬ 
ships. 

Nowell (1917) first pointed out the close relationship of this 
organism to certain species of Nematospora, Eremothecium, and 
what is now the genus Spermophthora. He indicated that not 
until spore formation occurred could these three genera be sep¬ 
arated. Ashbya gossypii most closely resembled Nematospora in 
the mode of formation and morphology of its spores, but differed 
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in its strict adherence to a mycelial habit whereas species of Nema- 
tospora grew primarily as yeast-like forms. He regarded the 
sporiferous sacs of these organisms as sporangia and for that reason 
felt that the genus Nematospora should not be included among the 
Saccharoniycetes. At this time he designated A, gossypii simply 
as species ‘"C,” Wingard (1925) further noted the relationships 
between species -C and various Nematospora species but, following 
cytological studies of N. phaseoli, he advanced the opinion that the 
sporiferous sacs were, in fact, asci, and that these organisms were 
Saccharomycetes. He pointed out that species C appeared to have 
characteristics in common with such genera as Nematospora, Mono- 
spora, Coccidiascus, Eremothecium, Protascus, and certain species 
of Endomyces. Ashby and Nowell (1926) later characterized 
and named species C Nematospora gossypii, based on the close 
conformity of its sporiferous sacs to those of other species of 
Nematospora, and on the specialized spores. However, the usual 
mycelial habit of A, gossypii was in direct contradiction to the 
yeast-like habit of Nematospora species generally. They doubted 
that the organism was a Saccharomycete and left open the ques¬ 
tion of the exact nature of its sporiferous sacs. They pointed out 
the common salient features of the three genera, Spermophthora, 
Nematospora, and Eremothecium, 

In a series of papers devoted to the cytology and phylogeny of 
the lower Ascomycetes, Guilliermond (1927, 1928, 1935, 1936) 
suggested placing the organism in the Hemiascomycetes but as¬ 
signed to it a new genus name, Ashbya. This suggestion was 
based on his observations of spore formation at the expense of a 
sporoplasm, the presence of an epiplasm, even numbers of spores, 
and two mitoses of the nuclei prior to spore formation. He con¬ 
sidered the fruiting body of A, gossypii as intermediate between 
a sporangium and an ascus because of its multinucleate nature, and 
pointed out that the organism was related to such genera as Dipo- 
dascus, Protomyces, Endogone, Taphridium, Spermophthora, and 
Eremothecium, 

Fragoso and Ciferri (1928) increased the synonomy still further 
by presenting a Latin description of the organism under the gen¬ 
eric name Ashbia, They considered the organism to be a Sac¬ 
charomycete. 
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Stelling-Dekker (1931) omitted the genus Ashbya from her 
classification of the sporogenous yeasts, and considered its position 
doubtful, representing no more than a section of the genus Nenia- 
taspora in the subfamily Nematosporoideae and family Endomy- 
cetaceae. According to her treatment, it would be related to the 
genera Monosporella and Coccidiascus. 

Dodge (1935) retained the generic name Ashbya, but set up a 
separate family, Ashbyaceae, under the order Endomycetales to 
include this genus, as well as the genera Piedraia and Eremo- 
thecium. 

It would thus appear that taxonomists generally agree upon plac¬ 
ing the organism in the order Endomycetales of the Hemiascomy- 
celes. From this point on, further attempts to classify Ashbya 
gossypii differ. It appears to possess characteristics of several 
families. If one accepts Martin’s system of classification (1948), 
A, gossypii is seen to j)ossess characteristics which suggest rela¬ 
tionships with three different families. In the following quoted 
characterizations, features which apply to A. gossypii are italicized: 

“Ascoideaceae— Spore sacs (asci^) many spared; gametangia, when pres¬ 
ent, sometimes multinucleate.” Such genera as Ascoidea and Dipodascus 
are included here. 

“Endomycetaceae—Asci with 8 ascospores or fewer; gametangia when 
present always uninucleate; asci borne on a well developed mycelium.** This 
includes the genera Endomyces and Eremascus. 

“Saccharomycetaceae—Mycelium lacking, reproduction by budding, asci 
formed by transformation of a single cell, or as the result of fusion of two 
cells.” Such genera as Saccharomyccs, Pichia, and Nematospora are in¬ 
cluded in this family. 

Recently, Routien (1949) has described a new genus, Crebothe- 
cium, designed to include the organism now known as Eremothe- 
cium ashbyii. Ashbya gossypii closely resembles E, ashbyii and 
with the exception of the morphology and arrangement of the 
spores within the sporiferous sacs, the two species could well be 
included in the same genus. The possibility that A. gossypii ac¬ 
tually represents a species within the genus Eremothecium, or the 
new genus Crebothecium, if such genus is valid, is not without 
consideration. There is the further possibility that E. ashbyii 
could represent a species within the genus Ashbya since the latter 
has been validly described. Guilliermond (1936) has pointed out 
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the essential differences between E, ashbyii and A, gossypii. The 
former organism has broader, shorter spores which are curved at 
the needle-like extremity, beveled at the opposite end, and lack 
elongate appendages. They are not arranged in any predetermined 
order, Le,, there are no fascicles of spores. In addition, the central 
portion of the spores of E. ashbyii give a positive test for pectin, 
while those of A.'gossypii do not. Septa are more numerous in 
A, gossypii than in E. ashbyii, whereas the dichotomy of the myce¬ 
lium of the latter is more regular. E. ashbyii appears to be more 
fastidious in its nutritional requirements. According to the philos¬ 
ophy of the investigator, these differences could be regarded or 
disregarded in establishing nomenclature. 

Further study of the characteristics and relationships of these 
and related genera seems warranted not only from an academic but 
also from a practical standpoint, since certain of the species within 
this group are of considerable economic importance, patents cover¬ 
ing the production of riboflavin being centered around particular 
species. 


CULTURAL AND MORPHOLOGICAL CHARACTERISTICS 

The cultural characteristics of Ashbya gossypii have been de¬ 
scribed by a number of investigators, including Nowell (1917), 
Ashby and Nowell (1926), Guilliermond (1927, 1936), Stelling- 
Dekker (1931), Wallace (1932), Frazer (1944), and Wickerham 
et al, (1946). The following characterization is based upon these 
reports. A, gossypii grows freely on potato, potato-glucose agar, 
potato-sucrose agar, beer-wort, gelatin, and carrot, producing at 
first a spreading, moist, appressed hyphal growth with short, 
pointed, matted hair-like outgrowths over the surface. After a 
week on potato, scattered pustular dots appear which unite to form 
a folded, vermiform, firmly gelatinous plechtenchyma. The pig¬ 
mentation of the substrate remains uncl^nged. On potato-glucose 
or potato-sucrose agar a similar h)^hal growth appears which 
changes to a moist, translucent, dii^y-white, folded and wrinkled 
plechtenchyma which can be readily peeled off. 

Based upon our studies of a flavinogenic strain (fig. 1A) of the 
organism, the following colony description may be taken as typical 
of riboflavin producing strains: 
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Colonies upon yeast extract-malt extract-peptone-glucose agar 
after 10 days at room temperature (24-26° C), circular, flat to 
slightly raised, membranous, myceloid with advancing edge fila¬ 
mentous. On the second or third day of growth short, pointed, 
matted, hair-like growths form on the surface of the colony. On 
the fourth or fifth day, radial ridges or grooves appear, and in 
some instances haphazard wrinkles develop. Colonies grow at a 
fairly uniform rate of 3 to 5 mm. per day, reaching a maximum 
diameter of 38 to 50 mm. in 10 days, usually 35 to 40 mm. The 
marginal edges of colonies are made up of typical dichotomously 
branched hyphae (nr.. 2B). Colonies, at first, completely white 



Fig. 1. Ashbya gossypii (Ashby and Nowell) Guilliermond. Ten-day col¬ 
onies growing on peptone, yeast extract, malt extract, glucose medium; room 
temperature. A, Strain NRRL Y-1056 (flavinogenic). B, Strain NRRL 
Y-985 (non-flavinogcnic). 

to greyish-white, becoming pale lemon yellow in 2 to 3 days, most 
intense at the center. At 5 days, the pigment is intensified to a 
lemon yellow and at 10 days to an orange yellow to reddish orange. 
The advancing edges of the colonies at all times are white for 
approximately 5 mm Depending upon the rapidity of riboflavin 
synthesis on solid media, concentric rings begin to appear marking 
zones of periodically increased flavinogenesis. Sectoring to white 
areas is infrequently noted. In 7 to 10 days, the medium surround¬ 
ing the colony is often pigmented a yellowish-green due to the 
diffusion of riboflavin or some derivative. Colonies are extremely 
adherent and may be peeled from the surface of the medium m 
their entirety. 
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In our experience non-flavinogenic strains of Ashbya gossypii 
duplicate the above except for the absence of pigmentation and a 
reduced tendency toward the formation of radial ridges, grooves, 
or wrinkling (fig. IB). 

In wort and other liquid media, mycelial floes are generally 
formed in a clear liquid. A slimy precipitate has been observed 



Spofiftrout Soct Contoinlng Foteicifi of Sporu 


Fig. 2. Schematic presentation of the life-cycle of Ashbya gossypii (Ashby 
and Nowell) Guilliermond. 


in some cases. Under agitation and aeration in liquid media, the 
culture becomes very homogeneous and tends to rather rapid 
autolysis after 7 days. Flavinogenifc strains are characterized by 
the production of lemon yellow to orange pigment in certain .media 
most intense when cultures are under aeration. 

Descriptions of the morphology of Ashbya gossypii have been 
recorded by Nowell (1917), Ashby and Nowell (1926), Guillier- 
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mond (1927, 1928, 1936), Stelling-Dekker (1931), and Wallace 
(1932). From these studies and our own observations, the fol¬ 
lowing morphological characteristics may be considered as typical 
of this organism (figs. 2, 3, 4) : 

Hyphae hyaline, often vacuolated or containing a granular mate¬ 
rial and numerous hyaline droplets, at first non-septate. The first 
septum develops 1 SO to 200 /a behind the growing tip, others form¬ 
ing at intervals of SO to 70 /a. Hyphae converging slightly at the 
septa, developing into long thin segments from 6 to 10 /a in diam¬ 
eter, branching dichotomously. Lateral buds developing on the 
hyphae at an early stage of growth, singly or in short chains, fall¬ 
ing away and reported to be capable of germination. Vegetative 
reproduction reported to occur through transverse fission and sub¬ 
sequent separation of the daughter cells, this toruloid form being 
assumed only under conditions which preclude spore formation. 
In flavinogenic strains, riboflavin or a derivative may be observed 
within certain cells as a yellowish-oily fluid, or as needle-like 
orange crystals (fig. 3D). The number of nuclei in the cells varies. 

Sporiferous sacs (asci?, sporangia?) abundant, developing from 
hyphal segments, appearing haphazardly along the mycelium, oc¬ 
curring singly, or in chains, sometimes branched. These cells vary 
considerably in size, but range predominantly from 100 to 200 by 
10 to 20 /A. They occur in a variety of shapes, sometimes clavate 
or cylindrical, but most frequently in the form of a sigmoid body. 
Glycogen is abundant at the beginning of spore formation and the 
sporiferous sacs may contain a granular protoplasm or may be 
highly vacuolated. Later, the interior of the sacs becomes hyaline 
except for the space occupied by the spores. The sacs ultimately 
break or autolyze to release fascicles of mature spores. 

The nuclei in the sacs are reported to undergo two mitoses in 
spore formation similar to those of the higher Ascomycetes. Guil- 
liermond (1927, 1928) has described in detail the cytological proc¬ 
esses involved. At the end of the nuclear divisions, a sporogenous 
plasma remains. This material then divides into long filaments, 
reuniting into fascicles as the spores are formed. 

Mature spores are grouped parallel into two or more fascicles 
of 2 to 6 spores, and are arranged lengthwise in the sac. The 
spores, when liberated, are held together by means of long inter¬ 
twined appendages 50 to 100 /a in length, consisting of a difficultly 
stainable homogeneous plasma. Spores may number from 4 to 32 
per sac (usually 12 to 16). Dependent upon the substrate in or 
upon which the organism has been cultivated, snores vary in dimen¬ 
sions from 25 to 37 by 2 to 5 /ia. The spores are acicular to fusi- 
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form. They are described by Guilliermond as having an anterior 
region occupied by structures resulting from a degeneration of the 
cytoplasm, a central region made up of very dense cytoplasm con¬ 
taining the nucleus and giving a negative test for pectin, and a 



Fig. 3. Ashbya gossypii (Ashby and Nowell) Guilliermond (Strain 
NRRL Y-1056). A, B, and C, Preparations from 10-day colony, room 
temperature. A, Germinating spore, X 750. B, Typical dichotomous branch¬ 
ing of hyphae, edge of colony, X 200. C, Typical hyphae showing septa, 
dichotomous branching, and granular nature of contents, X 1500. D, Typical 
preparation from fermented substrata showing crystals of riboflavin outside 
cells (arrows) and “bulb-forms*' (upper center), K750. 

polar region consisting of the filiform Appendage. In the center 
of the spore a thin septum may be observed occasionally. In ger¬ 
minating, a globular expansion occurs in the central nucleate region 
and from this arise one or more germ-tubes which ultimately de¬ 
velop into h 3 rphae (figs. 2, 3). 
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Swollen hyphal elements, termed "Bulb-forms” (figs. 2, 3, 4), 
are typical of the davinogenic strains of Ashbya gossypii. These 
occur in cultures where riboflavin has been synthesized. They 











M 




Fig. 4. Ashbya gossypii (Ashby and Nowell) Guilliermond (Strain 
NRRL Y-10S6). Preparations from 10-day colony, room temperature. 
A and B, typical mounts showing nature of hyphae, immature sporiferous 
sacs, “bulb-forms'^ and sporiferous sacs containing spores, X 300. C, Sporif¬ 
erous sacs at end of chain, showing characteristic sigmoid form and granular 
nature just prior to spore formation, X 1500. D, Sporiferous sac containing 
one fascicle of spores, second fascicle has been released through pore at lower 
end of sac, X 1300. E, Single spf>rc, showing septum and portion of appen¬ 
dage, X 1300. F, “Bulb-forms,” X 1300. 


possibly represent the response of the organism to changes in 
osmotic tension influenced by the production of large amounts of 
the vitamin. These cells are usually filled with a yellowish-oily 
fluid, probably riboflavin or some derivative in the dissolved state. 
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They vary considerably in size and appearance and develop either 
as terminal or intercalary cells. In some cases there is a distinct 
resemblance to chains of yeast-like cells. 

PHYSIOLOGICAL CHARACTERISTICS 

The nitrogen requirements of Ashbya gossypii have been inves¬ 
tigated rather extensively. Parries and Bell (1930) found that 
KNOg and salts were of little value as nitrogen sources. 

Their findings were confirmed by Buston et al, (1938) who ob¬ 
served no utilization of the ammonium salts of sulfuric, nitric, 
hydrochloric, tartaric, lactic, or pyruvic acids in mineral-salts media 
containing inositol and a factor obtained from lentils by Buston 
and Kasinathan (1933). When these media were supplemented 
with ^-alanine or /-aspartic acid, moderate growth was attained. 
Stelling-Dekker (1931) and Wickerham (personal communica¬ 
tion) have observed that NOjf is not assimilated by either flavino- 
genic or non-flavinogenic strains. 

Parries and Bell (1930) further demonstrated that the organism 
is capable of growing in media containing the hydrolytic products 
of natural proteinaceous materials such as degraded animal protein, 
egg-white, gluten,- or casein. Their strains failed to grow in media 
containing gelatin, edestin, or fibrin in any form, or in media con¬ 
taining simple mixtures of amino acids. Growth was obtained 
with certain of these latter materials when peptone, or a factor 
easily separable by alcoholic precipitation from egg-white, or casein 
was present. Buston and Pramanik (1931) and Buston et al. 
(1938) in confirming these findings identified one of the accessory 
factors as w^,yo-inositol. With media containing m^jo-inositol 
and the lentil factor of Buston and Kasinathan (1933), Ashbya 
gossypii was shown capable of utilizing simple mixtures of amino 
acids, asparagine, or ammonium aspartate as nitrogen sources. 
Tryptophane was found to be non-essential. Stelling-Dekker 
(1931) has reported that the organism can feebly attack gelatin, 
as shown by liquefaction after 42 days* incubation. 

It was ultimately determined in a series of studies by Buston 
and Pramanik (1931), Buston and Kasinathan (1933), Kogl and 
Fries (1937), Fries (1938), and Schopfer (1944) that in addition 
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to w^5(7“inositol, biotin and thiamin were required for adequate 
growth of A, gossypii. Of these factors, biotin (the lentil factor 
of Buston and Kasinathan) was found to be the most important. 
Thiamin is synthesized by the organism, but in sub-optimal 
amounts. Good growth was obtained in glucose-mineral salts 
media in the presence of the three factors. Attempts to replace 
the biotin with pimelic acid or with a mixture of pimelic acid and 
/-cystine have been unsuccessful (Robbins and Ma, 1942). 

The biotin requirement is such that a microbiological assay for 
this factor has been developed, based on the fact that within certain 
ranges, the weights of mycelial pads are directly proportional to 
the concentration of biotin in the medium (Robbins and Schmidt, 
1939; Robbins, 1940). Their basal medium consists of dextrose, 
asparagine, mineral-salts, m^.jo-inositol, thiamin, and trace ele¬ 
ments. For biotin assay, cultures were incubated at 23 to 25° C 
for 9 days, the mats weighed, and the biotin content of samples 
calculated from a standard curve. 

Ashbya gossypii has also proved useful in other physiological 
studies, e,g,, the mechanism of the physiological activity of gam- 
mexane (hexachlorocyclohexane). The y-compound was shown to 
markedly decrease growth of the organism while the a- and jS- 
isomers had little effect. This confirmed the hypothesis that the 
activity of the y-isomer is due to its antagonism toward the essen¬ 
tial metabolite mejo-inositol, considered to have the same spatial 
configuration (Buston et al., 1946). Hawker (1948) has em¬ 
ployed A, gossypii in mixed culture with Melanospora destruens 
to prove the latter capable of synthesizing inositol. Buston and 
Roy (1949) have used the organism in a study of the mechanism 
of action of certain unsaturated lactones. Their evidence indi¬ 
cates that the inhibition of growth caused by these compounds is 
not concerned with the metabolism of thiamin, ascorbic acid, nico¬ 
tinic acid, biotin, or inositol. They further demonstrated that 
certain sulfhydryl compounds and amino acids may counteract the 
effects of these lactones. 

The carbon requirements of Ashbya gossypii have been studied 
by several investigators. Marsh (1926) observed that the organ¬ 
ism was unable to attack potato starch in a mineral-salts medium. 
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Ashby and Nowell (1926) reported it as having little diastatic 
ability and Parries and Bell (1930) and Wickerham (personal 
communication) have indicated that the organism may attack solu¬ 
ble starch only weakly. Glucose, fructose, and sucrose have been 
shown to serve as adequate carbon sources. Maltose and cello- 
biose are assimilated less readily. Rhamnose, arabinose, xylose, 
galactose, lactose jjiannitol, and inulin, however, do not serve as 
adequate carbon sources in peptone or amino acid-mineral salts- 
vitamin media (Parries and Bell, 1930; Wickerham, personal 
communication). 

Stelling-Dekker (1931) has reported thatM. gossypii is unable 
to ferment glucose, fructose, mannose, galactose, sucrose, maltose, 
or lactose, when measured in terms of gas production. Ethyl al¬ 
cohol was shown to support slight growth when employed as a 
substrate. 

Marsh (1926) and Pearson (1947) have reported that the 
organism is unable to attack cellulose. 

Parries and Bell (1930) observed traces of ethyl alcohol in 
certain media in which A. gossypii has been cultivated. 

Mickelson (1948) has stated that the end products of glucose 
metabolism of A. gossypii are cells and COg. He further indicated 
that pyruvate, acetate and ethyl alcohol are readily oxidized, 
whereas lactate and succinate are only slowly oxidized, 

RIBOFLAVIN PRODUCTION 

As a physiological function of potentially great economic impor¬ 
tance, certain strains of Ashbya gossypii possess the ability to 
synthesize large quantities of the vitamin riboflavin. As early as 
1930 Parries and Bell noted the production of yellow pigment by 
certain strains, whereas it was not identified as riboflavin until 
1935 (Guilliermond et aL), Until 1946, only traces of pigment 
were observed, principally in old cultures.^; Jt remained for Wick¬ 
erham et aJ, (1946) to demonstrate substantial riboflavin synthesis 
in a strain earlier received from Dr. JV. J. Robbins, New York 
Botanical Gardens. Pollowing this observation and report, Ashbya 
gossypii NRRL Y-1056 has been developed by Tanner and co¬ 
workers (1947, 1948, 1949) and by the authors (1949) to a point 
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where yields up to 1760 fig, of riboflavin per ml. have been ob¬ 
tained in shake-flask cultures in a peptone-corn steep liquor- 
glucose medium. These maximum yields have been attained 
through feeding additional glucose during the course of the fer¬ 
mentation (Pridham, 1949). Yields of 500 to 600 micrograms 
per ml. are regularly achieved in pilot-plant trials by submerged 
aerobic fermentation using animal stick liquor, corn steep liquor, 
and commercial glucose (Tanner et aL, 1947, 1948, 1949; Lang¬ 
ford, 1948; Pfeifer ct aL, 1949). Fermented media are ulti¬ 
mately dried down to give riboflavin concentrates containing from 
25,000 to v30,000 fig, of the vitamin per gram. This material is 
employed directly in supplementing animal feeds. By appropriate 
chemical or microbiological techniques the riboflavin may also be 
recovered to meet pharmaceutical standards. 
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PATHOGENIC SPOROTRICHA; THEIR 
CARBOHYDRATE REACTIONS 

H. I. Lurie ♦ 

In 1809, Link (10) described eleven species of Sporotrichtm, 
most of which were derived from decaying wood. 

It was not until 1898 that Schenck (16) described a fungus re¬ 
sembling a Sporotrichum isolated from a human lesion. One year 
later Brayton (4) reported a case which clinically accorded with 
sporotrichosis but cultural examination was not done. In 1900, 
Hektoen and Perkins (9) isolated from a patient a fungus which 
was found to be identical with that of Schenck. They named the 
organism Sporotrichum Schenckii, 

Three years later de Beurmann and Ramond (5) described the 
first case of sporotrichosis in France. This strain was studied by 
Matruchot and Ramond (11). They named it Sporotrichum 
Beurmanni. During the next few years numerous cases were re¬ 
ported in the world literature. 

Several pathogenic species of Sporotrichum have been reported. 
Some descriptions include the carbohydrate fermentations, 

S. Grigsbyi is said to be inert in glucose, sucrose and lactose, while 
S, Fonsecai is said to produce acid with glucose, fructose and mal¬ 
tose. Schenck (16) as well as Hektoen and Perkins (9) report 
that S, Schenckii produces no gas in lactose, glucose or saccharose 
broth. Acid production is not mentioned. Gougerot and Blan- 
chetiere (8) state that all S, Beurmanni strains studied by them 
ferment saccharose but not lactose and that the original S, Schenckii 
strain hydrolyses and ferments lactose but not saccharose. 

In 1915 Meyer and Aird (12) carried out an extensive investi¬ 
gation of the carbohydrate fermentations of fifteen strains of Sporo¬ 
trichum, When grown in Erlenmeyer flasks for 60-90 days in 
the presence of a litmus indicator all strains were found to produce 
acid but no gas in glucose. No strains fermented lactose or man- 

* South African Institute for Medical Research, Johannesburg. 
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nite. Other sugars gave variable results. When twelve of the 
strains were grown for several months, the acid produced was 
estimated by titrating with N/20 NaOH. All were found to fer¬ 
ment glucose with the production of lactic acid. Lactose was not 
fermented by any strain in 68 days, but after 270 days all strains 
produced a trace of acid. S. Beurmanni did not ferment saccha¬ 
rose. They conclude by saying that the differentiation of species 
by carbohydrate fermentations is impossible. 

In many reports the technique adopted to determine w^hether a 
sugar was fermented or not is not described. Most workers de¬ 
pend on the production of gas and the change of pH to acid as 
shown by indicators. In a few of the more intensive studies the 
total amount of free acid was estimated by titration with dilute 
alkali and in one or two cases the acid was identified. 

Since ammonia and potassium bicarbonate are catabolic products 
of fungus growth both the pH of the medium as shown by indi¬ 
cators and the total amount of free acid as shown l^y titration will 
depend on the balance between the amount of acid produced in the 
fermentation of a carbohydrate and the amount of catabolic prod¬ 
ucts excreted by the growing fungus. It is possibly due to these 
factors that conflicting reports appear in the literature. 

With this in mind, it was thought that a more detailed approach 
was necessary. 

Seven strains of Sporotrichmn were selected for this study: , 

No. 8. 5*. asteroidcs, Splendore. Westerdijk, Baarn. June 

1941. 

No. 13. S. Schenckii. Duke University. February 1944. 

No. 20. Khinocladium Beurmanni. Dr. Langeron, Paris. 1934. 
No. 21. Rhinocladium equinum. Sabouraud’s collection. 1934. 
No. 32. 5. Beurmanni. South Africa. Isolated from patient 
who contracted disease in gold mine. 1947. 

No. 61. S. Beurmanni. South Africa. Isolated from timber in 
same gold mine. 1947. 

No. 72. S. tropicale. Dr. Ghose, India. 

The first experiment was to note changes in pH of the medium 
as shown by color changes of indicators. Various media and in¬ 
dicators were tried. A medium containing Casamino-acids with 
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TABLE 1 


Acid Production of Sporotrichum sp. with Various Carbohydrates on a 
Solid Hydrolysed Casein Medium. Original pH - 6.8. 

Bromo-Cresol-Purple Indicator. 37®C 
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/-cystine, nicotinic acid and agar was found to give the most satis¬ 
factory growth. Bromo-cresol-purple was used as an indicator. 
At a pH of 6.8 it is a definite purple color whereas below pH 6 
it is bright yellow. Into the basic medium were incorporated 
various carbohydrates in a concentration of 1 per cent. The pH 
in each case was adjusted to 6.8. Slopes were inoculated with 
the different strains of Sporotrichum and maintained at 37® C. 
All cultures were examined daily and the color changes recorded. 
The results are summarized in table 1. 

Strain No. 72 showed very poor growth. It will be seen that 
of the other six strains, all produced acid in glycerine and glucose, 
five in mannite, two each in saccharose and maltose and no strain 
produced acid in lactose or starch. 

It is worthy of note that whereas on the fifth day all strains 
(except No. 61 in mannite) showed the presence of acid in glyc¬ 
erine, glucose and mannite, by the fifteenth day glycerine was still 
acid with all strains, whereas glucose and mannite had reverted to 
their original pH with all strains except No. 32. It will also be 
seen that acid appeared for the first time in maltose and saccharose 
(strains 13 and 61) only after twenty-one days. 

As the changes in pH appeared to vary with the length of time, 
it was thought advisable to see if these results were reproducible. 
Consequently the experiment was repeated and a few more carbo¬ 
hydrates were included. For the second experiment strain No. 72 
was kept at room temperature and a satisfactory growth was ob¬ 
tained. The results are summarized in table 2. All seven strains 
produced acid in glycerine, glucose, mannite and levulose, three 
strains produced acid in sorbite, dextrine, adonite and inulin, two 
produced a trace of acid in arabinose and dulcite. 

By comparing tables 1 and 2 it will be seen that the results are 
not entirely comparable and that there is nothing constant about the 
time taken for the acid to appear or disappear, e.g,, in the first ex¬ 
periment strain No. 61 did not produce acid in mannite but it did 
do so in the second experiment. In the first experiment strain 
No. 20 produced acid in glycerine on the fourth day but in the 
repeat experiment it did not appear until the twelfth day. In the 
first experiment strain No. 21 showed much acidity in glucose 
from the fourth to the tenth day and by the fifteenth day the 
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acidity had disappeared. In the second experiment acid was 
demonstrable on the fourth day only and had disappeared by the 
fifth day. 

TABLE 2 

Acid Production of Sporotrichum spp. with Various Carbohydrates on a 
Solid Hydrolysed Casein Medium. Original pH « 6.8. 

Bromo-Cresol-Purple Indicator. Strains 8 to 61 at 
37®C. Strain 72 at Room Temperature 
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It is possible, therefore, that some of the discrepancies in the 
literature are due to differences in the time the fungi are allowed 
to grow before the pH value is noted. These times vary with 
different authors from a few days to nine months. Obviously, 
therefore, the production of acid as shown by the color change 
of an indicator cannot be accepted as evidence of a carbohydrate 
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being fermented unless numerous other factors are carefully stand¬ 
ardized. 

The titration of the amount of acid produced is subject to the 
same fallacies. The only certain method of determining whether 
a carbohydrate has been fermented or not is the actual estimation 
of the amount of ^rbohydrate^resent in a liquid medium before 
and after growth of the fungus in prder to ^eterniipe whether the 
total quantity has beeA significantly reduced. Unfortunately, the 
chemical methods which'are available for the determination of indi¬ 
vidual sugars, and particularly of ^olyh}rdric alcohols, although 
accurate when^only the sugar or^polyhydric alcohol in question is 
present, are not completely specific. Other compounds which are 
capable of reducing alkaline copper reagents or of being oxidized 
by potassium dicfiromate* are also estimated by these methods. 
Hence any reducing substances of this kind which may be formed 
during the growth of the fungus will be measured in addition to 
the particular carbohydrate being tested. Because of this source of 
error a lower utilization of the carbohydrate would be indicated 
than actually occurred. 

If this limitation is borne in mind, however, the method of direct 
determination of carbohydrates before and after growth of the 
fungus should afford useful information as to their utilization. 

The following experiments were based on these lines. The 
different strains of Sporotricha were grown in a basic liquid medium 
at a pH of 6.8 with and without the addition of various carbo¬ 
hydrates. At the end of four weeks the pH was again estimated, 
the weight of fungus growth was determined and the residual 
carbohydrate estimated by a titrimetric method. The weight of 
growth in the basic medium was subtracted from the weight in the 
carbohydrate medium, the difference being taken as an indication 
of the stimulatory effect of the carbohydrate. In the case of each 
carbohydrate a control uninoculated flask was left standing for the 
same length of time. Its pH and carbohydrate content were deter¬ 
mined as accurately as possible. The difference in pH units be¬ 
tween the pH of the control medium and those in which the fungi 
had grown was recorded. The difference between the carbohy¬ 
drate content of the control and the culture media was taken as an 
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indication of the amount of carbohydrate utilized or altered by 
the fungus. 


Basic medium 
K2HPO4 . 

KCl 

MgSO,-711,0 
FeS04 

Sodium caseinate 
(Difeo) 

Aq. dist. 


DETAILS OF TECHNIQUE 

1 gm. 

0.5 gm. 

0.5 gm. 

0.018 gin. 

10 gm. (Tested and found to be free from 
reducing substances) 

1000 cc. 


A litre of water was heated to between 80 and 90° C and the 
inorganic salts added. The sodium caseinate was added slowly, 
during which time the mixture was stirred with a glass rod. When 
completely dissolved it was allowed to cool and was filtered through 
gauze. The volume was made up to 1000 cc. and the pH adjusted 
to 6.8; 50 cc, quantities were pipetted into each of eight 100 cc. 
Erlenmeyer flasks which were then autoclaved. 

The carbohydrate medium was prepared in the same way except 
that the whole litre of medium was autoclaved, after which the 
carbohydrate was added to give a final concentration of 0.4 per 
cent. After dispensing 50 cc. quantities into sterile flasks, the 
flasks were steamed for one hour on three successive days. 

The seven strains of fungus were maintained on Sabouraud's 
conservation agar containing no sugar. A platinum loop was 
drawn gently over the surface of the growth and a minimal amount 
of inoculum transferred to the respective liquid media. In each 
case a control flask was left uninoculated. 

Whatman No. 42 filter papers were dried in vacuo over phos¬ 
phorus pentoxide. Each filter paper was weighed in a weighing 
bottle, placed in an envelope and its weight recorded. 

At the end of four weeks the content of each flask was filtered 
through these weighed filter papers using a Buchner funnel and 
slight suction. Each filter paper was then placed in a Petri dish 
and again dried and weighed. The difference in weight was re¬ 
corded as the weight of growth. ^ 
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The pH of the filtrate was estimated with a Beckman pH meter. 
The amount of carbohydrate present in each filtrate was deter¬ 
mined titrimetrically. By subtracting the amount of carbohydrate 
in the various culture filtrates from that in the control, the amount 
of carbohydrate utilized or altered by the fungi was derived. 

For each strain the weight of dry fungus produced by the basic 
medium was subtracted from that given by the carbohydrate me¬ 
dium. This gave some indication of the increase in growth due 
to the presence of the carbohydrate. 

technique of carbohydrate determinations 

Monosaccharides (Modification of Benedict's method). An ac¬ 
curately measured 25 cc. of Benedict's reagent in a beaker is 
brought to boil. From a burette a standard 0.4 per cent solution 
of the particular carbohydrate in distilled water is added slowly 
until the blue color of the Benedict's reagent has almost disap- 
l)eared. The mixture is boiled for three minutes until the reaction 
is complete. The carbohydrate solution is then added a few drops 
at a time, allowing Y 2 , minute boiling after each addition. When 
the blue color is no longer visible a few drops of a 1 per cent 
solution of methylene blue is added to the mixture and the titration 
continued until all trace of blue has disappeared and a white pre¬ 
cipitate remains. 

After the Benedict's reagent is thus standardized, the procedure 
is repeated, titrating with the filtered medium. Usually, after a 
rough preliminary titration it was found necessary to use 10 cc. 
of Benedict's reagent and to dilute the medium 1:4 in order to 
obtain greater accuracy. 

Disaccharides, To 25 cc. of a standard 0.4 per cent solution 
of the particular carbohydrate are added IS cc. distilled water and 
5 cc. 2 N-H 2 S 04 . The mixture is heated in a boiling water bath 
for five to ten minutes. After cooling, 5 cr. of 2N*NaOH are 
added to neutralize the solution. The total volume is then made 
up to 100 cc. This hydrolyzed solution is titrated against Bene¬ 
dict’s reagent in the same way as for monosaccharides. After the 
Benedict's reagent has been thus standardized the same procedure 
is applied to the filtered medium. 
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Polysaccharides, To 25 cc. of a standard 0.4 per cent solution 
of the particular carbohydrate are added 15 cc. distilled water and 
15 cc. 2N * 112304 . The mixture is heated in a boiling water bath 
for two and a half hours. From time to time a few drops of dis¬ 
tilled water are added to replace that lost by evaporation. After 
cooling, 15 cc. 2N*NaOH are added to neutralize the solution. 
The total volume is then made up to 100 cc. Thereafter the tech¬ 
nique is the same as that for disaccharides. 

Polyhydric alcohols, (Modification of A.O.A.C. method.) The 
following reagents are required: 

1. Strong solution of KoCroOi. 74.55 gm. pure dry KaCrgOT 
dissolved in distilled water. Add 150 cc. cone. H 2 SO 4 , cool and 
dilute to 1 litre with distilled water. 

2. Dilute solution of KaCroOi. Dilute 50 cc. of the strong 
KgCrgOT to 1 litre with distilled water. 

3. Diphenylamine indicator. Dissolve 1 gm. diphenylamine in 
100 cc. cone. H 2 SO 4 . 

4. Retarder. Dilute 150 cc. of syrupy phosphoric acid with 600 
cc. of distilled water and add 250 cc. cone. H 2 SO 4 . 

5. Ferrous ammonium sulphate solution. Dissolve 30 gm. crys¬ 
talline ferrous ammonium sulphate in distilled water, add 50 cc. 
cone. H 2 SO 4 , cool, dilute to 1 litre with distilled water. 

Reagents 1 , 2, 4 and 5 are diluted 1 :3 before use. 

To 25 cc. of the filtered medium are added 15 cc. of a 15 per cent 
trichloracetic acid solution and 10 cc. distilled water. The mixture 
is stirred, allowed to stand for 10 minutes and filtered through 
filter paper. To 25 cc. of this filtrate are added 30 cc. strong 
KjCrgOr solution followed by 24 cc. cone. H 2 SO 4 . The mixture is 
heated in a boiling water bath for 20 minutes, coojed and diluted 
to 250 cc. with distilled water. 

The ferrous ammonium sulphate solution is standardized by 
taking 20 cc. aiid then adding 20 cc. of the rets^rder, 4 drops of the 
indicator and 100 cc. distilled water, and titrating with the dilute 
KjCrjOj solution until the liquid assumes a dark green color. 
The dilute KaCrjOr solution is then added drop by drop until the 
color changes from blue grey to deep violet, (Volume of KjCrgOT 
used = ^ cc.) 
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Twenty cc. of the ferrous ammonium sulphate (+20 cc. re¬ 
tarder + 4 drops indicator + 100 cc. distilled water) are next ti¬ 
trated with the oxidized medium. (Volume of solution used = 
y cc.) 

The amount of polyhydric alcohol present in the 25 cc. sample 
taken for analysis is: .01/3 X (30 — 250Ay20y) gm. The me¬ 
dium was originally diluted to half its strength with distilled water 
and trichloracetic acid. Therefore the amount of polyhydric al¬ 
cohol in 25 cc. of the medium is .01 X 2/3 X (30 — 2S0x/20y) gm. 

The results of this experiment are summarized in table 3. 

An examination of this table shows the following points: 

1. Tn the basic medium without any carbohydrate the growth 
was very poor and the pH of the medium became more alkaline. 

2. In the presence of glycerine, glucose, maltose, levulose and 
saccharose with all seven strains the medium became more acid, 
the weight of growth was improved and the concentration of sugar 
in the medium lowered. 

3. With lactose and starch the changes in pH varied with the 
different strains, the growth weight of all strains was increased 
and the concentration of the carbohydrate lowered. There does 
not appear to be any relationship between the change in i>H, the 
stimulation of growth and the amount of carbohydrate utilized, 
e.g., in the case of lactose with strains No. 21 and 61, the reaction 
became more alkaline, there was no significant increase in growth 
but the concentration of carbohydrate was definitely reduced. 
With strains No. 13 and 32 there was no change in pH, a mod¬ 
erate increase in growth and a lowering in the carbohydrate con¬ 
tent. One strain. No. 20, acidified the medium; its growth stimula¬ 
tion was less than that of No. 13 and 32 but the carbohydrate was 
lowered to the same extent. 

4. In the presence of arabinose the medium became more alka¬ 
line with all strains, the growth weight was slightly increased but 
the sugar concentration was definitely reduced. 

5. In the case of inulin the pH with all strains except No. 72 be¬ 
came more acid, the growth weight was increased but the carbo¬ 
hydrate was insignificantly reduced (except with strains No. 21 
and 32). 
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6. With dextrine the pH became more acid; the growth weight 
of strains No. 8, 20, 32 and 72 was not significantly increased, that 
of the other strains being only slightly increased; an insignificant 
reduction in the carbohydrate occurred with all strains. 

7. With glycogen the pH response varied with the different 
strains, there was no appreciable increase in weight but the carbo¬ 
hydrate content was slightly lowered. 

8. In the presence of mannite the pH response was variable, no 
increase in weight waS detectable and there was an apparent in¬ 
crease in the carbohydrate content. 

In order to determine whether any reducing substance was 
present in the catabolic products, the seven strains were grown in 
the Same basic medium without any carbohydrate. At the end of 
four weeks the filtered media were subjected to the potassium 
dichromate technique. It was found that with^ several strains a 
reducing substance had appeared in the medium. As this tech¬ 
nique is incapable of differentiating mannite from other reducing 
substances the figures given in table 3 represent the total amount 
of reducing substance present. It is not possible, therefore, to 
state whether the concentration of mannite had been reduced or 
not. It can, however, be seen that there was no improvement in 
the growth of the fungus. The probability is, therefore, that man¬ 
nite was not fermented. 

In the case of glycerine, the figures given must be regarded as 
approximate. The total quantity of glycerine utilized probably 
exceeds the estimated amounts. 

If one can accept the production of acid, the increased growth 
and the reduction of the carbohydrate content as evidence that the 
carbohydrate has been fermented, then all seven strains fermented 
glycerine, glucose, maltose, levulose and saccharose. In the case 
of arabinose, although the pH with all strains became more alka¬ 
line, there does appear to have been a utilization of the sugar. 
With lactose, inulin, dextrine, starch and glycogen the results were 
variable and inconclusive. It must, however, be borne in mind 
that there are limitations to the accuracy of the techniques em¬ 
ployed for the determination of these carbohydrates, especially 
since the amounts utilized were small rdative to the amounts added 
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TABLE 3 

Correlation of Change in pH and Weight of Growth with Utilization 
OF Various Carbohydrates. (SO cc. Synthetic Liquid Medium 
4- 0.4% Carbohydrate. Original pH 6.8. Four 
Weeks Growth at Room Temperature) 
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TABLE 3 —Continued 


Strain 

Dextrine 

Inulin 

ifc- 

pH after 4 weeks 

Difference between 
pH of culture and pH 
of control 

Weight ai growth in 
mgms. 

' Difference between 
weights of growth 
in carbohydrate and 
basic media 

Difference between 
carbohydrate OMitent 
of culture and control 
in mgms. 

pH after 4 weeks 

Difference between 
pH of culture and pH 
of control 

Weight of growth in 
mgms. 

Difference between 
weights of growth 
in carbohydrate and 
basic media 

Difference between 
carbohydrate content 
of culture and control 
in mgms. 

Control 

6.79 





6.6 





No. 8 

6.79 

0 

19 

13 

-10 

6.11 

-.49 

35 

29 

- 6 

No. 13 

6.64 

-.15 

26.5 

21.5 

-IS 

6.15 

-.45 

37 

32 

- 2 

No. 20 

6.79 

0 

17.5 

9.5 

-10 

6.15 

-.45 

42.5 

24.5 

- 2 

No. 21 

6.03 

-.76 

32 

25.5 

-12 

6.12 

-.48 

31 

24.5 

-35.5 

No. 32 

6.29 

-.5 

21.5 

13.5 

- 9 

6.35 

-.25 

33 

25 

-37.5 

No. 61 

6.32 

-.47 

31 

23 

- 4 

6.4 

-.2 

44 

36 

-21 

No. 72 

6.21 

-.58 

22.5 

14.5 

- 5 

7.4 

+.8 

23.5 

15.5 

-12 


1 Arabinose 

1 



Maltose 


Control 

6.42 





6.8 





No. 8 

6.65 

+.23 

23 

17 

— 64 

6.5 

-.3 

40 

34 

-40 

No. 13 

6.6 

+.18 

24 

19 

- 64 

6.25 

-.55 

51 

46 

-56 

No. 20 

6.46 

-f.04 

26 

18 

-145 

6.75 

-.05 

48 

40 

-61 

No. 21 

6.54 

+.12 

21.5 

15 

- 72 

6.05 

-.75 

40 

33.5 

-57 

No. 32 

6.48 

+.06 

27.5 

19.5 

-124 

6.5 

-.3 

40 

32 

-78 

No. 61 

6.48 

+•06 

28 

20 

-124 

6.5 

-.3 

44 

36 

-75 

No. 72 

6.6 

+.18 

26 

18 

-115 

6,0 

-.8 

75 
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to the medium. Lactose and starch are probably fermented to a 
slight extent, and possibly also dextrine, inulin and glycogen. It 
is almost certain that no strains ferment mannite. There is no 
clear-cut difference between the seven strains as regards their 
ability to ferment the carbohydrates. 

While not all the carbohydrates were used in each of the three 
experiments, several interesting comparisons are possible. 

1. Glycerine, glucose and levulose, according to experiment 3, 
appear to be fermented by all seven strains. In the two previous 
experiments on solid media much acid was produced with these 
three carbohydrates. 

2. While no fermentation of mannite was demonstrable in ex¬ 
periment 3, acid was produced in both previous experiments. 

3. In the first experiment only two strains showed the produc¬ 
tion of acid with saccharose and maltose. Yet in the third experi¬ 
ment all strains lowered the pH and appeared to ferment these 
sugars. 

4. On solid media no strain produced acid with starch, yet in 
the liquid medium five strains produced an appreciable lowering 
of the pH. 

DISCUSSION 

In table 4 is summarized the available literature on the carbo¬ 
hydrate reactions of different species of Sporotrichum, It is clear 
that there are many conflicting results. However, most investi¬ 
gators, including this study, agree that pathogenic Sporotricha 
produce acid with glycerine, glucose, maltose and levulose. All 
except Blanchetiere and Gougerot (2) agree that lactose is not 
fermented. They state that the original Schenckii strain definitely 
ferments lactose and that this is one of the important features in 
the differentiation of 5. Schenckii from 5. Beurmanni. Their 
statement has never been confirmed. Although the results of this 
study cannot definitely confirm or contradict this, no significant 
differences were shown by the Schenckii and Beurmanni strains. 
Blanchetiere and Gougerot (2) also maintain that 5*. Beurmanni 
ferments saccharose and that S. Schenckii does not. Most workers 
have confirmed this statement. In the present study there does 
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not appear to be any difference between the two species, Coun- 
cilmani, Grigsbyi and tropicale are said not to ferment saccharose, 
whereas S, Gougeroti does do so. In this study it was found that 
S. tropicale ferments this sugar. 

With regard to mannite all except two investigators agree tliat 
this carbohydrate is not fermented. S. tropicale is said to %e a 
late fermenter. None of the species investigated in this study, 
including S, tropicale, fermented mannite after twenty-eight days. 

Carbohydrates other than those mentioned above have not yet 
been adequately investigated. 

It is more than likely that the discrepancies are due to differences 
in technique and in the interpretation of what constitutes evidence 
of fermentation. The production of acid alone is obviously insuf¬ 
ficient evidence. It is worthy of note at this stage that Dodge (6) 
says of 5^. Fonsecai: ‘‘No fermentation of sugars; acid with glucose, 
fructose and maltose.” 


CONCLUSION 

It would appear that pathogenic Sporotricha ferment glycerine, 
glucose, maltose and levulose, but probably do not ferment mannite 
or lactose to an appreciable extent. With regard to the other car¬ 
bohydrates information is as yet inadecjuate. It appears to be 
extremely unlikely that the carbohydrate reactions will prove to 
be of any value in the differentiation of species. 
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NEW SPECIES OF CELLULOSE 
DECOMPOSING FUNGI. II 


L. M. Ames ♦ 

(with 13 figures) 

The present contribution deals with fungi isolated either from 
military materiel and equipment or from other sources. However, 
the three species herein described are of importance, both from 
military and civilian viewpoints, because of their cellulose destroy¬ 
ing characteristics. These species have been cultivated on maize 
meal and potato extract agar with a strip of cloth or filter paper 
added, with 2% agar-agar, as described in a previous paper ^ to 
insure uniformity of growth conditions for all species of the 
Chaetomiaceae that have been described recently or that will be 
described in my future work. P^xceptions, when necessary, will 
be explicitly reported. 

The writer thanks the following men for their kindness in send¬ 
ing the material'which is the subject of this paper: Dr. G. W. 
Martin, University of Iowa; Dr. E. A. Bessey, Michigan State 
College; and Dr. J. C. Gilman, Iowa State College. 

Chaetomium fibripilium sp. nov. 

Viridoflavum vel gilvo-brunneum. Peritheciis mediae vel magnae magni- 
tudinis, subglobosis vel ovatis, basi acuminatis, 260 x230/* (200-330 X 185- 
285/*) ostiolatis, cum rhizoideis gracilibus paratis, interdum cum cirrhis. 
Pilis lateralibus numerosis, gilvo-viridantibus cum seuectute gilvo-brunneis 
basi rectis, apicibus undulatis abnormis, septatis, basi 2.25-3.25/* diametro, 
apicibus acuminatis. Pilis terminalibus numerosis, intertexis, gilvo-viridanti¬ 
bus, cum senectute gilvo-brunneis, simpliciter vel compositer ramosis, septatis, 
capitem frutectosum magnum formans, basi 2.25-3^5 /* diametro, apicibus un¬ 
dulatis abnormis et acuminatis. Ascis clavatis, octosporis, fugacibus. Asco- 
sporis maturis dilute brunneis, ovatis, in ultin\a subapiculatis, 10x8/* 
(9.5-11.25X7-8.5/*). 

♦Research Mycologist at the Engineer Research |u^ Development Lab¬ 
oratories, Fort Belvoir, Virginia. 

^Ames, L. M. New cellulose destroying fungnp&ted from military 
material and equipment. Mycologia 41 : 637-648. 
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Greenish yellow to yellowish brown. Perithecia medium to mod¬ 
erately large in size, subglobose or ovate with bluntly pointed bases 
260 X 230/A (200-330 X 185-285/i), ostiolate, supported by deli¬ 
cate rhizoids, occasionally producing cirrhi. Lateral hairs numer¬ 
ous, greenish yellow, browning with age, straight near base, irregu¬ 
larly wavy toward the apex, distinctly septate, at base 2.25-3.25 fx 




Figs. 1-4, C. fihrtptltum: 1, mature perithecium • 2, immature ascus; 3, 
mature ascospores; 4, branched terminal hair. Figs. 5-8, C. mollipilium: 
5, mature perithecium; 6, mature ascus; 7, mature ascospores; 8, detail of 
branched terminal hair. Figs. 9-13, C. nigricolor: 9, mature perithecium; 
10, detail of two terminal hairs, one unbranched, the other branched; 11, 
immature ascus; 12, mature ascospores; 13, small group of young asci as 
seen when the perithecium is crushed, almost transparent in water mounts, 
this shown after staining. 
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in diameter, gradually tapering to the apex. Terminal hairs nu¬ 
merous, interwoven, greenish yellow when young, browning with 
age, unbranched or branched, some compositely branched, distinctly 
septate, forming a large bushy head, at base 2.25-3.5 /a in diameter 
gradually tapering to the apex. Asci club-shaped, 8-spored, fuga- 
ceous. Ascospores dilute green when young, when mature dilute 
brown, ovate, slightly apiculate at one end, round at the other, 
10x8/i (9.5-11.25 X 7-^.5 /a). 

Type. Isolated from sugar cane which was collected in the 
Hawaiian Islands. Culture was made by Dr. E. A. Bessey and 
sent to the writer for study. 

C. fibripilium is distinguished, when young, by its neutral green 
ascospores which become pale brown with age, and its compact 
head of hairs, many of which are branched compositely. The 
branched terminal hairs are quite similar in structure to those of 
C. sphaerale Chivers, but differ in color, C. sphaerde being grayish- 
yellow to olive-yellow. The two species differ regarding the 
ostiole region, C. sphaerde having a distinct neck which is lacking 
in C. fibripilium, 

Chaetomium mollipilium sp. nov. 

Fulvum. Peritheciis magnitudinis mediae, globosis vel subglobosis, 175 X 
130 ft (165-240 X 130-190 /a) ostiolatis, cum rhizoideis fulvis paratis, cum 
cirrhis. Pilis lateralibus, paucis, gracilibus, septatis, basi 3-3.75 apicibus 
acuminatis. Pilis terminalibus moderate longis, gracilibus, septatis, basi 3.25- 
4.25 m diametro, saepe ramosis, divaricatis, apicibus acuminatis. Ascis cla- 
vatis, octosporis, 38 X 12.5 m, parte sporifera 27 M. Ascosporis maturis fulvis, 
limoniformibus, utrinque apiculatis, 10-12.5 X 8.5-10 M. 

Light brown to cream-colored. Perithecia of medium size, glo¬ 
bose to subglobose 175 X 130/a (165-240 X 130-190 m»), ostiolate, 
supported by light brown rhizoids, with cirrhi. Lateral hairs mod¬ 
erate in number, wavy, seldom branched, septate, graceful, at base 
3-3.75 /A in diameter, graduftUy tapering to the apex. Terminal 
hairs sparse, forming a relatively open head, septate, often branched 
with wide angles, at base 3.25-4.25 /a in diafneter, gradually taper¬ 
ing to a narrow tip. Asci clavate, eight-spored, 38 X 12.5 fi, spore 
part lemon-shaped, apiculate at both en^s, 12 X 10 m (10-12.25 X 
8.5-10 /a). 

Type. Isolated from a Japanese raincoat^. jCulture was made 
by Dr. G. W. Martin while he was at the J^ersonville Quarter- 
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master Depot, Jeffersonville, Indiana, and designated as J-587, 
APO, 565. A similar isolate was designated as J-905. 

This species is distinguished by its soft, easily mashed hairs, 
many of which are branched with wide angles. Looking directly 
down on comparatively fresh cultures the outline of the perithe- 
cium is clearly visible due to the paucity of terminal hairs. This 
species has.been isolated four times from diseased fingernails. 
Nail specimens from four sources were washed in 95 per cent 
alcohol, rinsed in sterile distilled water and then placed on mineral 
agar. The perithecia which developed were found growing on the 
nail specimens. This is reported only as an interesting observa¬ 
tion of apparent human nail infection by a species of Chaetomium, 

Chaetomium nigricolor sp. nov. 

Nigrum. Peritheciis magnitudinis mediae, globosis vel subglobosis, 250 X 
230/* (200-285 X 190-260/*) ostiolatis, cum rhizoidcis brunneis paratis, iii- 
terdum cum cirrhis. Pilis latcralibus paucis gracilibus, obscure septatis, 
apicibus acuminatis, diametro 3.5-4.5/*, scabris. Pilis terminalibus longis, 
numerosis, moderate rigidibus, scabridis, obscure septatis, compositor vcl 
simpliciter ramosis, basi 3-4/* diametro, apicibus acuminatis. Ascis clavatis, 
octosporis, 25 X 9 /*, parte sporifera 14 /*. Ascosporis maturis bruntieis, 
amigdalo-formibus, apice subapiculatis, 5-6 X 4-5 /*. 

Black. Perithecia of moderate size, globose to subglobose, 250 X 
230 (200-285 X 190-260 /x), ostiolate, attached to the substratum 

with brown rhizoids, seldom provided with cirrhi. The bushy 
haired heads have a ragged appearance. Lateral hairs moderately 
numerous, straight or undulating, obscurely septate, 3.5-4.5 fi in 
diameter, roughened, black in color and tapering to faded tips. 
Terminal hairs numerous, black, regularly and thickly covered with 
little black projections, with larger crystals or projections appear¬ 
ing at random, undulating or with occasional spiral coils, frequently 
branching, at base 3-4 /a in diameter, tapering to faded tips. Asci 
fugaceous, club-shaped, 8-spored, 25 X 9 /a, spore part 14 /a. Ma¬ 
ture ascospores brown, almond-shaped, slightly apiculate at one 
end, 5-6 X 4-5 /a. 

Type. From India. This species was received from Dr. J. C. 
Gilman, who received the specimen from India under the binomial 
Chaetomium convolutum Chivers. They are similar only in color. 
C. nigricolor is recognized by the black, intermingling branched 
and simple undulating terminal hairs, and the small, brown 
ascospores. 



STUDIES IN THE GENUS CINTRACTIA. II. 
C. AXICOLA AND RELATED SPECIES 


Lee Ling 
(with 1 FIGURE) 

CintracHa axicola (licrk.) Cornu, as the type of the genus, is 
one of the most widely distributed and best known species. Very 
little confusion has occurred concerning it in recent literature. 
However, a related species occurring on Cypertis, CintracHa limi- 
tata Clint., has occasioned much confusion. In the present paper, 
descriptions and synonymy of five species of CintracHa infecting 
Fimbristylis and Cyperus are presented. Besides the names in¬ 
cluded here, two other species, CintracHa tangensis P. Henn. and 
CintracHa javanica Racib., have been recorded on Cyperus. The 
former has not been available for study and hence has been ex¬ 
cluded. The host of the latter was found to be a Rhynchospora. 

As in the previous series, the institutions in which the specimens 
examined are located are indicated by abbreviations. Abbrevia¬ 
tions, which were not given in the previous paper, are as follows: 
BR = Jardin Botanique de TEtat, Brussels; CMI = Common¬ 
wealth Mycological Institute, Kew; LP = Instituto de Botanica 
“Spegazzini,’' Universidad Nacional de La Plata; ND = Indian 
Agricultural Research Institute, New Delhi. Wherever the loca¬ 
tion is not given, the specimen is in the writer’s personal collection. 
The writer is very grateful to those who furnished the material 
and facilities for study in their institutions; and to Mr. J. A. 
Stevenson for the review of.fhe manuscript. 

CiNTRACTiA AXICOLA (Berk.) Cornu, Ann. Sci. Nat. Bot. VI. 15: 

279. 1883 

UsHlago axicola Berk., Ann. Mag. Nat. Hist. II. 9 : 200. 1852. 

UsHlago fimbristylis Thuem., Bull. Torrey Bot. Club 95. 1876. 

UsHlago peribebuyensis Speg., Anal. Soc. Cien. Atteiit: 17: 89. 1884. 
CintracHa peribebuyensis Speg., Anal. Soc. Cien. Arj^ent. 26: 11. 1888. 
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Cintractia fimhristylis-kagicnsis Saw., Dept. Agr. Gov’t Res. Inst. Formosa 
Rep. 2 : 79. 1922. 

Cintractia peribebuycnsis Saw., Dept. Agr. Gov’t Res. Inst. Formosa Rep. 
2 : 80. 1922. 

Cintractia suedae Saw., Dept. Agr. Gov’t Res. Inst. Formosa Rep. 2: 81. 
1922. 

Cintractia mundkuri Chowdhury, Indian Jour. Agr. Sci. 14: 231. 1944. 
Cintractia peribebuycnsis Speg. var. major Pavgi & Mundk. Indian Phyto¬ 
path. 1: 109. 1948. 

Sori at the base of primary or auxiliary rays, less often in the 
ovaries, globoid to oblong, 1-4 mm. in length, at first each covered 
by a whitish false membrane which soon disappears exposing the 
black, agglutinate, compact spore mass. Spores when mature me¬ 
dium to deep reddish brown, often with smoky tint, globose to 
oval, occasionally oblong or subangular, sometimes laterally com¬ 
pressed, smooth to indistinctly pitted, or faintly ornamented with 
short, fine, sinuous striae, 12-17 X 9-15.5 /a, epispore 1-1.5 ft thick. 

Material examined: On Fimbristylis auttimnalis (L.) R. & S. 
United States: Beaumont, Alabama, in Herb. Berk. 4745, sub 
U. axicola var. (K); Spiro, Oklahoma, in Barthol. Fungi Columb. 
4406 (BPI); Virginia, type of L\ fimbristylis (CH). 

On Fimbristylis diphylla (Retz.) Vahl. Brazil: Apiahy, Aug. 
1888, J. I. Puiggari 2875 (LP) ; Taquari, Mar. 1940, Costa Nets 
(LP). Ceylon: Bandarawela, Apr. 2, 1904, T. Petch 2552 
(BPI). China: Canton, Kwangtung, C. W. Howard (BPI); 
Tsingyen ,Kweichow, Aug. 19, 1940, S. C. Liu; Chengtu, Szech¬ 
wan, Nov. 1947, K. R. Lin; Taipeh, Taiwan, Nov. 12, 1920, H. 
Sueda, type of C. suedae. Dominican Republic: St. Domingo, in 
Herb. Berk 4745, type (K). Indo-China: Tonkin, Feb. 1889, 
B. Balansa 33, sub Cintractia junci Trel. (FH). Paraguay: 
Cordillera de Peribebuy, Mar. 25, 1883, B. Balan.sa 3775, type of 
U. peribebuycnsis (LP). 

On Fimbristylis ? ferruginea (L.) Vahl. Philippine Islands: 
Manila, Luzon, Sept. 30, 1945, C. T. Rogerson 687 (BPI). 

On Fimbristylis kagiensis Hay. China: Taichung, Taiwan, Oct. 
11, 1913, Y. Fujikuro, tyi>e of C. fimbristylis-kagiensis. 

On Fimbristylis monostachaya (L.) Hassk. Philippine Islands: 
Manila, Luzon, Sept. 30, 1945, C. T. Rogerson 686 (BPI). 

On Fimbristylis sp. Cuba: in C. Wright, Fungi Cub. Wright. 
604 (FH). Paraguay: in Balansa, PI. Parag. 4294, sub llstUags 
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juncicola Speg. (FH). India: Cocanada, Madras, Dec. 1906, 
S. Sundararaman, type of C. peribebuyensis var. major (ND). 

On Fimbristylis tenera R. & S. India: Pak Pattan, Punjab, 
Oct. 1936, S. Ahmad 78 (BPI). 

In the type collection of this species, the spores are smooth; 
whereas in certain other collections they may be faintly ornamented 
by pittings or short striae. On the basis of this character alone, it 
seems not advisable to split this old and well-known species. 

CiNTRACTiA CYPERi Clint., Proc. Bost. Nat. Hist. 31: 400. 1904 

Sori in the ovaries, globoid, 1-1.5 mm. diam., more or less ex¬ 
posed between the spreading glumes at later stages; spore mass 
black, agglutinate and rather compact until maturity. Spores often 
loosely agglutinated into balls, chiefly polyhedral, 11-21 X 9-16/a, 
most elongate ones up to 25.5 /a in length, yellowish brown; epi- 
spore 1.5 ft thick, under oil immersion lens appearing as if decorated 
by very short, sinuous, depressed striae. 

Material examined: On Cyperns filiculmis Vahl. United States: 
North Haven, Connecticut, in Seym. & Earle, Econ. Fungi C102, 
type (BPI); Montowese, Connecticut, Sept. 14, 1903, G. P. 
Clinton (CH); Ocean Gate, New Jersey, Aug. 17, 1919, P. 
Wilson (BPI). 

Zundel (3) recorded Cyperns cylindricus and C. grayii as the 
hosts of this species. The latter name is apparently a mistake, 
since the New Jersey collection actually contains a mixture of 
healthy plants of C. grayii and smutted plants of C. filiculmis. 

This species is closely related to Cintractia gigantospora Liro but 
differs from it in having chiefly polyhedral and lighter colored 
spores. 

Cintractia fimbristylicola Pavgi & Mundk., Indian Phytopath. 

1:108. 1948 

Sori in the ovaries, globoid, 1-1.5 mm. in diameter, black, com¬ 
pact, each at first covered by a thin white false membrane. Spores 
deep reddish brown, globose to oval, mostly laterally compressed, 
8-12 fjL in length; epispore approximately 1 thick, densely verru- 
culose, often appearing as semi-reticulate under higher magnifica¬ 
tions. 
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Material examined: On Fimbristylis complanata Link. India: 
Chatrapur, Ganjam, Orissa, Aug. 30, 1904, E. J. Butler, type 
(ND). 

This species is very similar to Cintractia fimbristylis-miliaceae 
(P. Henn.) Ito and can be distinguished from the latter only4y 
smaller and deeper colored spores. More collections should be 
studied to ascertain the range of variation in this group of fungi. 

Cintractia fimbristylis-miliaceae (P. Henn.) S. Ito, Trans. 
Sapporo Nat. Hist. Soc. 14: 92. 1935 

Ustilago fimbristylis-miliaceae P. Henn., in Engl. Bot. Jahrb. 37: 156. 1905. 
Cintractia clintonii Cif., Ann. Myc. 26 : 30. 1928. 

Cintractia pulchra S. Ito, Trans. Sapporo Nat. Hist. Soc. 14 : 92. 1935. 

Sori in the ovaries, forming globoid, black, compact spore masses, 
0.5-1.5 mm. in diameter, each covered at an early stage by a 
whitish false membrane. Spores when mature yellowish to red¬ 
dish brown, spherical to oval, occasionally subangular, densely ver- 
ruculose, 9.5-14.5 /a in length, epispore 0.5-1 ft thick. 

Material examined: On Fimbristylis holwayana Fernald. Mex¬ 
ico: Guadalajara, Oct. 12, 1903, C. G. Pringle, type of C. clintonii 
(CH). 

On Fimbristylis miliacea Vahl. Japan: Yukatabara, Iwaki, Ki- 
suta. Sept. 1890, S. Kusano 782, type (CH) ; Mikazuki, Tosa, 
Oct. 1907, T. Yoshinaga, type of C. pulchra; Obi, Oct. 1890, 
S. Yoshida (FH). 

The spores of this species are not smooth as originally described 
by Hennings. The Mexican collection differs from those from 
Japan in having a thicker, deeper colored, and less evidently ver- 
ruculate epispore. The variation may be due to the degree of 
maturity. The Mexican collection is apparently in an earlier stage 
of development which is indicated by the presence of numerous, 
hyaline, agglutinate, immature spores. 

Cintractia limitata Clint., Proc. Dost. Soc. Nat. Hist. 31: 399. 
1904. (Fig. 1) 

Cintractia axicola (Berk.) Cornu var. minor Clint., Jour. Myc. 8: 143. 1902. 
Cintractia togocnsis P. Henn., in Engl. Bot. Jahrb. 38: 119. 1905. 

Cintractia congensis P. Henn., Ann. Mus. Congo Bot. V. 2 : 87. 1907. 
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Fig. 1. Cintractia Umitata. 
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Cintractia cyperi-polystachyi P. Henn., Philipp. Jour. Sci. C. 3 : 41. 1908. 
Cintractia minor Jacks., Mycologia 12: 153. 1920. 

Ustilago chacoensis Hirschh., Not. Mus. La Plata 6: 479. 1941. 

Ustilago mariscana Zundel, Mycologia 35: 165. 1943. 

Cintractia distans Mundk., Indian Jour. Agr. Sci. 14 : 50. 1944. 

Sori at the base of primary or auxiliary rays, cylindrical, forming 
black, agglutinate spore masses surrounding the branches, extend¬ 
ing up to 1 cm. in length and 7 mm. in diameter, each covered at 
first by a whitish false membrane which soon disintegrates; often 
also infecting the ovaries, each forming a globoid black spore mass 
surrounding a rudimentary columella, 1-2 mm. in diameter, ag¬ 
glutinate at earlier stages, becoming rather dusty, exposed between 
the spreading glumes, and often spreading to adhere to the glumes 
and other floral parts. Spores when mature ochraceous brown'to 
deep reddish brown, often with smoky tint, spherical to oval, occa¬ 
sionally subangular, frequently laterally compressed, 9-14.5 X 7.5- 
13 /a; epispore smooth, 1 /a or less thick. 

Material examined: On Cyperus compressus L. China: Tai- 
tung, Taiwan, May 21, 1911, K. Sawada. 

On Cyperus corymbosus Rottb. Ceylon: Peradeniya, June 29, 
1913, T. Fetch 3719. 

On Cyperus cyperoides (L.) O. Ktze. Gold Coast: Abori, May 
12, 1925, R. H. Bunting (CMI). Nigeria: J. West 25 ,(CMI). 
Sierra Leone: Newton, June 26, 1935, F. C. Deighton (CMI). 
Uganda: Serere Teso, June 29, 1939, C. G. Hansford 1602 (CMI). 
Union of South Africa: Imfulazane, Melmoth, Natal, Dec. 1, 1919, 
A. O. D. Mogg, type of U. mariscana (BPI). 

On Cyperus digitatus Roxb. China: Taichung, Taiwan, July 2, 
1936, Y. Hashioka.- 

On Cyperus distans L. f. Belgian Congo: Kinshasa, June 1, 
1916, H. Vanderyst (BR); prov. Orientale, Apr. 1926, J. Ghes- 
quiere 562 (BR). India: Dacca, Bengal, Aug. 1940, P. Mahesh- 
wari, type of C. distans (ND). 

On Cyperus dubius Rottb. Uganda: Serere Teso, June 29, 
1939, C. G. Hansford 1644 (CMI). 

On Cyperus esculentus L. Belgian Congo: Kelomila, May 
1906, H. Vanderyst 105, type of C. congensis (BR); Boma, Apr. 
1913, H. Vanderyst 1299 (BR). 

On Cyperus grayii Torr. United States: Vineland, New Jersey, 
July 9, 1912, W. R. Jones (BPI); Sandy Hook, New York, in 
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Ell, & Ev. N. Amer. Fungi 2423, type of C. axicola var. minor 
(BPI). 

On Cyperus ligularis L. Puerto Rico: Mayaguez, Apr. 23, 
1904, G. P. Clinton, type (CH). Venezuela: Ocumare de la 
Costa, Mar. 19, 1938, C. E. Chardon 2489 (BPI). 

On Cyperus longus L. Equatorial Africa: Gabun, June 1908, 
J. Mildbraed (CH), 

On Cyperus macrocarpus (Kunth.) Boeck. var. pseudoflcrvus 
(K, Schum.) Kuekenth. Belgian Congo: Kinsatu, May 5, 1906, 
H. Vanderyst 32 (BR). West Africa: Lome, Togo, Camerun, 
Apr. 1900, Warnecke 118, type of C. togoensis (CH). 

On Cyperus malaccensis Roxb. China: Taipeh, Taiwan, Sept. 
27, 1917, Y. Fujikuro. Philippine Islands: Aparri, Cagayan, 
Luzon, Jan. 8, 1924, M. S. Clemens (BPI). 

On Cyperus ornans Suring. Gold Coast: Anjinam, June 22, 
1937, F. C Deighton (CMI). 

On Cyperus polystachyus Rottb. Philippine Islands: Manila, 
Aug. 1906, E. D. Merrill 5195, type of C. cyperi-polystachyi. 

On Cyperus rotundus L. Anglo-Egyptian Sudan: Kadugli, 
Oct. 1947, J. Tarr (CMI). Argentina: Chaco, May, 1940, C. 
Carrera, type of U. chacoensis (LP). 

On Cyperus sp. Brazil: Restinga de Cabo Frio, Rio de Janeiro, 
Oct. 16, 1938, A. P. Viegas & H. P. Krug (BPI). 

On Cyperus sphacelatus Rottb. Nigeria: J. West 39 (CMI). 
Puerto Rico: Humacao Playa, H. H. Whetzel et al, 3038 (BPI); 
Manati, Jan. 25, 1938, W. A. McCubbin (BPI). 

On Cyperus tuberosus Rottb. India: Lahore, Punjab, 1938, 
H. Chaudhari (CMI). 

On Cyperus zollingeri Steud. Sierre Leone: Kichom, N. prov., 
June 1, 1928, F. C. Deighton (CMI). 

The names commonly applied to this fungus are C. peribebuyen- 
sis, C. minor and C. limitata. As indicated in a previous note (2), 
the first is a synonym of C. axicola. The latter two were supposed 
to be distinguished by the location of sori, C. minor being confined 
to the base of the rays and C. limitata to the spikelets. However, 
even in the type collection of C. minor , {fig, 1, B), as mentioned 
by Qinton (1) himself, the infection also occurs m the floral organs 
forming a conspicuous smutty mass. It is also not uncommon to 
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find in the collections labelled as C. limitata that both the spikelets 
and the base of the rays are smutted by the same fungus. Figure 
1 A, illustrates such a case in a collection from Venezuela on 
CypCTus ligularis, the type host of C. limitata. Therefore there is 
no real distinction between these two species in the characters of 
both the sori and the spores. According to the International Rules 
of Botanical Nomenclature, C. limitata is the valid name. 
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EXPLANATION OF FIGURE 

Fig. 1. Cintractia limitata. A. On Cyperus ligularis, showing infection in 
the spikelets and at the base of the ray (Venezuela, C. E. Chardon 2489). 
B. On Cyperus grayii, showing infection in the spikelets and at the base of 
the rays (type of Cintractia axicola var. minor). C. On Cyperus poly- 
stachyus (type of Cintractia cyperi-polystachyi). D. On Cyperus macro¬ 
carpus var. pseudoftavus (Congo, H. Vanderyst 32, sub Cintractia togoensis)'. 
All X 1. 



A NOTE ON THE CULTURE OF DIPODASCUS 
UNINUCLEATUS IN DEFINED MEDIA * 


Eugene L. Dulaney and F. H. Grutter 

During a recent survey of fungi for the production of vitamins, 
it was found that Dtpodascus uninucleatus failed to grow in certain 
media. Good growth, however, was obtained in a medium contain¬ 
ing 5.0 grams of glucose and 10.0 grams of Difco yeast extract per 
liter of distilled water. When three-day old mycelium grown in 
this glucose-yeast extract broth was washed with sterile distilled 
water and used to inoculate a vitamin free medium, only sparse 
growth resulted. The mycelium constituting the sparse growth in 
the vitamin free medium was likewise washed and used to inocu¬ 
late other flasks of the vitamin free medium. No visible growth 
occurred. The vitamin free medium, which will be referred to 
hereafter as the basal medium, contained the following constituents 
per liter of distilled water: glucose 10.0 g., vitamin free acid hydro¬ 
lyzed casein 10.0 g., K2HPO4 2.0 g., MgS04-71120 1.0 g., NaCl 
0.2 g., CaCls 0.2 g., FeS04-7H20 0.005 g. and ZnS04-7H20 
0.005 g. 

The results noted above indicate that Dtpodascus uninucleatus 
requires one or more factors found in yeast extract for its growth. 
These possible nutritional deficiencies were investigated using the 
following experimental conditions. The media were dispensed in 
25 ml. amounts in 125 ml. Erlenmeyer flasks which were plugged 
with non-absorbent cotton and sterilized by autoclaving at 120 lbs. 
for 17 minutes. All glassware was acid cleaned and thoroughly 
rinsed in distilled water before using. A master inoculum was 
prepared as follows and used for all experiments. Thoroughly 
washed mycelium grown in gfucose-yeast extract broth was used to 
inoculate four flasks containing 25 ml. of the%tisal medium. After 
72 hrs. incubation at 28® C on a rotary shaker, the sparse growth 
was removed from the flasks by centrifugation, pooled, washed 
three times with sterile distilled water and made.up to a final vol- 

♦ Contribution from the research laboratories of & Co., Inc., Rah¬ 

way, N. J. 
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ume of approximately 45 ml. with sterile distilled water. This 
washed suspension was stored at 4^ C for several weeks and used 
at intervals. Two drops of this washed suspension were used to 
inoculate each flask. Each treatment was run in triplicate. All 
experiments were incubated at 28° C on rotary shakers moving at 
220 r.p.ni. so that they described a horizontal circle one and one- 
half inches in diameter. 

It seemed probable that the required factors in the yeast extract 
were vitamins or nucleic acid constituents or both. This possi¬ 
bility was investigated by supplementing the basal medium with a 
vitamin mixture and nucleic acids singly and in combination. The 
re^Jults obtained after three days incubation are shown in table I. 

TABLE I 

A Vitamin Mixture and Nucleic Acids as Supplements to the Basal 


Treatment 

Dry wt. 
mg./ml. 

pH 

Basal Medium 

B.M. plus vitamin mixture^ 

No growth 
5.86 

3.4 

B.M. plus nucleic acids* 

0.66 

3.6 

B.M. plus vitamin mixture ' and nucleic acids* 

5.56 

3.1 


^ One ml. of vitamin mixture was added to 24 ml. of the basal medium. The 
final concentration of the different vitamins in each flask was as follows: ribo¬ 
flavin 1.0 /ig./ml., i-inosiiol 0.1 mg./ml., biotin 0.04 Mg*/ml., vitamin Bi 
0.1 Mg-/nil., glutamine 5.0 Mg*/nil., pantothenic acid 1.0 Mg*/ml., vitamin B 12 
0.001 Mg-/nil., nicotinic acid 10.0 Mg-/ml., pyridoxine 10 Mg-/ml., choline 5.0 
Mg./ml., para aminobenzoic acid 10 Mg*/ml., and folic acid 0.1 Mg-/nil. 

* 12.5 mg. of yeast nucleic acid and 12.5 mg. of thymus nucleic acid were 
added directly to each flask. 

No growth was olitained in the basal medium whereas good growth 
occurred in the medium supplemented with the vitamin mixture. 
The growth in the nucleic acid supplemented medium was probably 
due to vitamin contaminants in the nucleic acids* The addition of 
both nucleic acids and the vitamin mixture did not increase the 
amount of cell weight over that obtained in the medium supple¬ 
mented with vitamins alone. 

In order to determine what specific vitamins were required, the 
same vitamins that had been used in the mixture were divided into 
groups and used to supplement the basal medium. Growth oc¬ 
curred only in those treatments to which both vitamin and 
biotin were added. The effects of supplementing the basal medium 
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with biotin, vitamin and i-inositol singly and in combination are 
shown in table II. None of the vitamins alone stimulated growth. 

TABLE II 

Vitamins Used Singly and in Combination to Supplement the Basal 

Medium ^ 


Treatment * 

Dry wt. 
mg./ml. 

Biotin 

No growth 

Vitamin Bi 

No growth 

I-inositol 

No growth 

Biotin and vitamin Bi 

4.9 

Vitamin Bi and i-inositol 

0.57 

Biotin and i-inositol 

No growth 

Vitamjn Bi, biotin, and i-inositol 

5.1 

Vitamin mixture 

5.2 


‘ One ml. of each vitamin solution was added to enough medium in each 
flask so that the final volume in each flask was 25 ml. This resulted in some 
slight variation in the concentration of medium constituents in those flasks to 
which more than one ml. of vitamin solution was added. The final concentra¬ 
tion of each vitamin, however, was the same as the concentration of the same 
vitamin in the flasks containing the vitamin mixture. 


There was some slight growth in the medium containing vitamin 
and i-inositol, and no growth in the medium containing biotin 
and i-inositol. Biotin and vitamin Bj, with or without i-inositol, 
replaced the vitamin mixture. No measurements have been made 
of the amount of growth that occurs in the glucose-yeast extract 
medium. 

Dipodascus uninucleatus requires no exogenous supply of or¬ 
ganic nitrogen. Three compounds were substituted for the hydro¬ 
lyzed casein in an experiment, the results of which are shown in 


TABLE III 

Substitution of Nitrogen Compounds for the Casein Hydrolysate 


Treatment» 

Dry wt. 
mg./ml. 

pH 

(NH*hHPO* 

4.67 

2.5 

NaNO» 

No growth 


Urea 

No growth 


Casein hydrolysate 

4.43 V.. 

3.1 


‘ The casein hydrolysate was used at a concentration of 10 mg./ml. The 
other pitrc^en compounds were used at a level of 5 mg./ml. All treatments 
contained 0.1 fig./ml. of vitamin Bi and 0.04 Mg./ml. of biotin. 


table III. Urea and nitrate nitrogen did not serve ^s sole nitrogen 
sources. Ammonium nitrogen, however, was re^ily available. 
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These results indicate that Dipodascus uninucleatus requires an 
exogenous source of biotin and vitamin Bj. The possibility exists, 
however, that these deficiencies are peculiar to our strain and that, 
as a rule, the genus Dipodascus is not heterotrophic. Further 
investigation of other isolates is needed to establish this. 

The drop in pH of the culture media in these experiments indi¬ 
cates the accumulation of one or more organic acids. 



A NEW ACHLYA FROM FLORIDA* 

A. W. Ziegler^ 

(with 15 figures) 

A water collection from a swamp in Wakulla County, Florida, 
15 miles south of Tallahassee, Florida, has yielded an undescribed 
species of Achlya. 

Achlya tuberculata n. sp. 

Mycelium densum; hyphae usque ad 1 cm. longae in seminibus Cannabis 
sativae; cultura circa 1.5-2.5 cm. in diametrum. Sporangia copiosa in cul- 
turis juvenilibus, longa, cylindrica, 162-448 At longa et 10-15 At lata. Ejectio 
sporarum typica generis. Gemmae copiosae praesertim in culturis natu 
majoribus, valde variae. Oogonia globosa aut aliquando clavata, 44.4-92.5 m 
in diametrum, ornata projectionibus obtusis, 1.2-3.7 m longis; tunica tenuis in 
apice projectionis. Longitude caulis oogonii 21.5-184 m. Ova eccentrica, 
plerumque 3, globosa aut aliquando ovoidea, plurimum ferme 24.1 At in dia¬ 
metrum, non complentes oogonium. Dimidia ovorum auctorum in aqua 
distillata deficit ante maturitatem; in decoctione foliorum Quercus ferme 
omnia ova maturescunt. Antheridia rara, semper diclina, reperta praecipue 
in culturis juvenilibus in aqua distillata aut cum aut sine foliis Quercus. 

Mycelial growth dense, hyphae reaching a length of one-half to 
1 cm. on hemp seed in charcoal filtered distilled water, diameter of 
the culture about 1.5-2.5 cm. Sporangia plentifully formed in 
young cultures, long, cylindrical, ranging from 162 by 10 /a to 448 
by 15 ft. Spore discharge typical for the genus. The cluster of 
spores usually falls to the bottom of the dish soon after formation 
and gradually breaks apart into individual spores. Gemmae plen¬ 
tiful especially in older cultures, consisting of a row of swollen or 
non-swollen hyphal segments, single enlarged spherical or reni- 
form bodies, or smaller spherical cells in a short chain. Gemmae 
germinate by a germ tube producing spores in the manner of the 
genus. Oogonia spherical or occasionally clavate with blunt pro- 

1 Contribution no. 36, Botanical Laboratories, Florida State University 
Tallahassee, Florida. 

* Assistant Professor of Botany, Florida State University. The writer is 
indebted to Dr. J. N. Couch for his advice and aid and to Mrs. C. D. Beers 
for the Latin description. * 
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jections and varying in size without the projections from 44.4 ft 
to 92.5 ft in diameter. The end wall of the projections is usually 
thinned. Projections vary from 1.2 ft to 3.7 ft in length. Length 
of oogonial stalk from 21.5 ft to 184.0 ft. Eggs eccentric, 1-6, 
mostly 3, ranging from 18.5 to 33.3 in diameter, mostly about 
24.1 ft riot filling the oogonium completely, usually spherical but 
sometimes ovoid through pressure. When grown in distilled 
water more than one-half of the eggs formed disintegrate before 
maturity even though an antheridium may be applied to the 
oogonial wall. However, if grown in distilled water to which oak 
leaves have been added 94-99% of the eggs reach maturity. 
Antheridia scantily formed and occurring mainly in young cultures 
in water with or without the addition of oak leaves. Antheridia 
always diclinous and those that appear to function become empty 
before the eggs are mature. Antheridial tube seen only twice. 
Mature eggs germinate after 2 months by short germ tubes with 
apical sporangia. 

In water on hemp seed bait. Collected by the author in a swamp 
in Wakulla County, Florida, 15 miles south of Tallahassee, Florida, 
July 9, 1949. 

On first seeing this fungus, the author classified it as . crcnulata 
Ziegler. However, later observations show that it differs in sev¬ 
eral ways. The oogonia of A, tuberculata show a tremendous size 
variation which is not characteristic of A. crenulata. The length 
of the oogonial stalk is highly variable in A, tuberculata whereas 
that of A. crenulata is about equal to the width of the oogonium. 
There is also a slight difference in the usual egg size between the 
two forms and the gemmae of A, tuberculata are wholly unlike 
those of A, crenulata (4). 

One of the peculiar characteristics of this form is its disintegrat¬ 
ing eggs which occur when it is grown in charcoal filtered distilled 
water in Petri dishes. The average of four separate counts of 100 
oogonia each from four cultures of varying ages showed that 59% 
of the oogonia contained distihtegrated eggs entirely. Of the re¬ 
maining 41%, 28% of the oogonia contained eggs all of which de¬ 
veloped to maturity, and 13% contained both mature and disinte¬ 
grated eggs. No parasite has l^een found to l)e present and tests 
have been made which proved that the cultures were bacteria free. 
However, if the form is placed in an oak leal ^'decoction made by 
boiling a few dry oak leaves in distilled water, tor 10 minutes the 
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egg disintegration is considerably lessened. In this procedure, 
94-99% of the oogonia formed mature eggs. Antheridial growth 
is only very slightly stimulated by this treatment. The character¬ 
istic discussed above is not a feature of the growth of A. crenulata. 
Experiments involving solutions of known pH and content, and 
the effect of returning the form to its natural habitat are now being 
performed by Miss Betty Linthicum and the author. 

A. tuberculata may be distinguished from A. suhterranea Coker 
and Braxton by the size of its oogonia and the usually androgynous 
antheridium of A, suhterranea (2). It differs from A. recunm 
Cornu in the bluntness of its spines and in its diclinous antheridia 
(3) and from A. radiosa Maurizio especially in the number of 
eggs produced (1). The new form can easily be separated from 
A. abortiva Coker and Braxton by its spherical oogonia, pitted 
oogonial walls, and smaller eggs (2). The eccentric eggs and 
diclinous antheridia of A. tuberculata distinguish it from A. cola- 
rata Pringsheim (1). 

It may be of interest to note that this fungus was collected in a 
water sample from a cypress swamp whose waters were exposed to 
direct sunlight all day. The author failed to take the temperature 
of the water but it felt like a very warm bath to the hand. A. tuber¬ 
culata is grown in the laboratory on maltose peptone agar but is 
very slow in its growth rate. 

Gemma formation apparently follows no set pattern in this 
species. The gemmae are often irregularly shaped and bizarre in 
form. A vegetative hypha often forms a row of swollen or non- 
swollen cells with the apical one either rounded or pointed. The 
cytoplasm of the oogonial stalk occasionally produces an elongated 
or spherical gemma (fig. 14). Large spherical or kidney shaped 
gemmae are often seen as well as short chains of cells strung to¬ 
gether like beads. Numerous variations of the above patterns also 
occur. However formed, they germinate by short germ tubes and 
spores. 

A. tuberculata germinated readily when the mature eggs were 
about two months old. The eggs were placed in distilled water 
filtered through charcoal and completed their germination in about 
32 hours. The details of the germination process closely follow 
those described for A. flagellata Coker. This species formed a 
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short germ tube with an apical sporangium and therefore falls into 
type A of the patterns of germinations found in the Saprolegnia- 
ceae (5). 

Department of Botany, 

Florida State University, 

Tallahassee, Florida 
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EXPLANATION OF FIGURES 

Fig. 1. Two oogonia with mature and disintegrating eggs, X 750. Figs. 
2-3. Oogonia with mature eccentric eggs, X 750. Figs. 4-5. Oogonia with 
disintegrated eggs, X 750. Fig. 6. Outline drawing of 2 oogonia showing 
great variation in size, X 750. Fig. 7. Oogonium with diclinous antheridium 
and immature eggs, X 750. Fig. 8. Outline drawing of oogonium with 
coiled diclinous antheridial branch, X 750, Fig. 9. Typical six^rangia, X 350. 
Fig. 10. Oogonium containing several disintegrated eggs and one which has 
germinated and produced a germ tube with an apical sporangium, X 750. 
Fig. 11. A gemma, X 350. Figs. 12-13. Gemmae, X 750. Fig. 14. Gem¬ 
mae formed from the oogonial stalk, X 350. Fig. 15. Gemma, X 350. 



A NEW RUST ON DESCHAMPSIA' 

D. R. O. Savile* 

Aecidium Graehnerianum P, Henn. was described from a speci¬ 
men on Habenaria dilatata from Death Valley, Calif. The species 
has since been recorded on H. borealis, H. bracteata, H. gracilis, 
H, hyperborea, H. leucosfachys and Orchis aristata, in California, 
Oregon, Washington, Montana, British Columbia and especially, 
Alaska (Arthur, 1), hut it has apparently never been reported east 
of the Rocky Mts. In 1949, aecia apparently indistinguishable 
from it were found at two stations in Quebec. Mr. A. Payette 
collected a rust on Habenaria psychodes at Riviere Ouelle, on the 
south shore of the Gulf of St. Lawrence, about 70 miles below 
Quebec City. The aecia in this specimen (DAOM 23448), col¬ 
lected on 20 July, were largely spent, but sufficient spores were 
available to show that it agreed well with Barth. N. A. Ured. 
1401, on H, gracilis from Glacier, B. C. 

On the same date that Mr. Payette made his collection, the 
writer found a similar Aecidium at Great Whale River, on the 
east coast of Hudson Bay, on //. dilatata (DAOM 23447). Ow¬ 
ing to the late spring at this station, some aecia were shedding 
spores at this time and others had not yet opened. Fortunately, 
this colony was readily accessible and a careful search showed that 
no other Aecidium occurred within fifty yards. Several infected 
plants were accordingly left for future observation in the hope that 
the rust would complete its life history. H. dilatata grows in very 
wet ground, often along streams or in shallow springs, although 
some of the hosts of Aecidium Graebnerianum occur in somewhat 
drier situations. The rusted colony was on a narrow strip of low, 
springy ground between a lake and a low clifi. Carex spp. formed 
about half the herbaceous cover and seemed to be the most likely 
alternate hosts. 

1 Contribution No. 1014 from the Division of Botany and Plant Pathology, 
Science Service, Department of Agriculture, Ottawa, Canada. 

2 Associate Plant Pathologist. 


663 



664 


Mycologia, Vol. 42, 1950 


With the progress of the season, it became evident from obser¬ 
vations on other species that the cool, short growing season per¬ 
mitted the survival of heteroecious Pucciniaceae (other than spe¬ 
cies, such as Puccinia Poae-sudeticae, that overwinter in the uredi- 
nial state) only if the alternate hosts are virtually contiguous. As 
time passed with no sign of infection on the sedges, it was feared 
that the telial host might have been adjacent only to plants that 
had been collected for the aecial specimen. Eventually, in mid 
August, a minute scrutiny of all the surrounding vegetation re¬ 
vealed a number of very small pustules, identifiable as such only 
under the hand lens, on a few plants of Deschampsia atropurpurea. 
Most of the pustules were on vegetative offsets, but a trace of 
infection occurred on one fruiting plant and allowed confirmation 
of the identity of the grass host. Only a few plants of 79. atropur¬ 
purea were present and none were found elsewhere; nor was the 
Aecidium seen in any of many other colonies of Habenaria dilatata, 
H. hyperhorea, or H. obtusata that were examined. The grass rust 
was heavy only on leaves within a few inches of //. bracteata and 
none occurred on plants three to five feet distant. The rust was 
left until 22 August, to allow further development of some of the 
immature sori, but was then collected for fear that all uredinia 
might be displaced by telia. 

When microscopic examination was finally possible, the rust 
proved to be a species of Puccinia with teliospores possessing apical 
processes similar to those of P. coronata. In fact, the teliospores 
differed from those of F. coronata only in being distinctly shorter 
than the shortest forms of that variable species. The uredinio- 
spores also had appreciably thinner walls than is usual in F. coro¬ 
nata, The germ pores were obscure, partly, no doubt, because the 
walls were thin and only slightly pigmented. It is thus not known 
whether the number and disposition of the pores is different from 
that in F. coronata in which the pores are commonly about 6 to 8, 
scattered and often indistinct. 

It must be emphasized that there is no possibility of this rust 
being Puccinia coronata in any accepted definition of that species. 
No Rhamnus or Elaeagnus occurs within many miles of the loca¬ 
tion. Shepherdia canadensis does occur, but i^s^^tricted to the 
immediate coast and the nearest plants were two miles dis- 
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tant. Furthermore, the correlation of the rust with proximity to 
the Aecidium was so striking as to preclude any doubt of the con¬ 
nection between the two stages. 

An examination of the late W. P. Fraser’s collections on Des¬ 
champsia caespitosa from Alberta and Saskatchewan, assigned by 
him to Puccinia coronata, showed that they are definitely that spe¬ 
cies ; they have thicker urediniospore walls and much longer telio- 
spores than the rust on D, atropurpurea. Barth. N. A. Ured. 431, 
on the same host from Wyoming, consists only of uredinia, but the 
spores are thick-walled and similar to those in Fraser’s collections. 
These specimens apparently belong to some variety of P. coronata 
other than those recognized by Fraser and Ledingham (2). 

A study of Puccinia coronata on one or more species each of 
Agropyron, Agrostis, Avena, Beckmannia, Bromus, Calamogrostis, 
Festuca, Holcus, Lolium, Phleum, Poa and Scolochloa gave a range 
of urediniospore wall thicknesses of 1.0-2.0 fi, except on Agropyron 
spp. in which it was 0.7-1.4/jt. The total range of teliospore 
lengths in these specimens was 33-78/u, with the exception of a 
collection on Agropyron tenerum in which the range was 30-70 ft. 
The measurements given below for the rust on Deschampsia atro- 
purpurea show small but definite differences in these two char¬ 
acters, which, with the occurrence of the aecia on a monocotyle- 
donous host, make it advisable to treat it as a distinct species. It 
is a pleasure to name this rust for Mr. I. L. Conners, of this 
Division, whose extensive knowledge of the graminicolous rusts 
has long been of great value to Canadian mycologists and plant 
pathologists. 

Puccinia Connersii sp. nov. 

Pycnia ignota. Aecia hypophylla, rarius epiphylla. Aeciosporae 16.0-23.0 
X 12,5-19.0/*; episporio hyalino, 0.5-1.2/* crass., minute verrucoso. Celluli 
peridii 18-45 x 15-26/*, pariete externo minute striato vel verrucoso, in- 
terno verrucis c. 3.0-3.5 /* alt. X 0.3-1.2 /* lat. obtecto. Uredinia et telia 
minuta, amphigena. Urediniosporae 17.5-21.5 X 15.5-20.5/*; episporio pallide 
flavo, 0.5-1.2/* crass., leniter echinulato, poris indetectis. Telia epidermide 
tecta, compacta. Teliosporae (23)25-36(39) X 13-20/*, summae digitate ap- 
pendiculatae; appendiculis 1.0-6.0/* long., (0)3-4 (8) in teliospora; episporio 
baso ocjiraceo 0.5-1.0/* crass., summo castaneo 1.5-3.0/* crass, appendiculis 
exclusis. 
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Aecia in foliis Habenariae dilatatae. Uredinia et telia in foliis 
Deschampsiae atropurpureae, prope Flumen Magnum Balaenarum, 
Canada. 

Type. On Deschampsia atropurpurea (DAOM 23446), Great 
Whale River, Quebec, Canada, 22 Aug. 1949, in the Mycological 
Herbarium, Division of Botany and Plant Pathology, Ottawa, 
Canada; a portion of the collection in the Arthur Herbarium, 
Purdue University. 

The type of Aecidium Graebnerianmn has not been seen, but 
from material and descriptions available it is probably identical 
with P, Connersii, 

There is no positive way of forecasting what other grasses will 
prove to be telial hosts for this species. If, as seems probable, all 

the collections ascribed to Aecidium Graebnerianum are the aecial 

« 

stage of P. Connersii, there may be several grass hosts; but a con¬ 
sideration of the North American species of Deschampsia shows that 
they cover the range and habitats of the rusted orchids fairly com¬ 
pletely, and there may be no other genus of grasses involved. 
D, danthonioides and D, elongata occur, according to Hitchcock 
(3), in open ground throughout the western range of Ae, Graeb- 
nerianum. D, atropurpurea occupies open or wooded, wet ground 
in the same region, across northern Canada, and southward on 
mountains in the east to New Hampshire; it does not occur at sea 
level in southeastern Quebec, but D. caespitosa var. intercotidialis 
is common along the shores of the Gulf of St. Lawrence in the 
vicinity of Riviere Ouelle and will probably prove to be the grass 
host for the rust in that region. D, caespitosa in its various forms 
covers most of the northern half of the continent and may be a host 
in some other localities; but, as already shown, the rust known on 
this species in Alberta, Saskatchewan, and Wyoming is Puccinia 
coronata. Although P, Connersii is probably not common in any 
part of its range, its apparent scarcity muj^t ht partly attributed to 
its inconspicuous aecia and telia. 

An interesting feature of P. Connersii, and one that further 
supports its identity with Ae, Graebnerianum, is its apparent lack 
of pycnia. The immaturity of some of the groups of aecia in 
DAOM 23447 made this collection suitablethe study of pycnia, 
but no trace of any could be discerned. 
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HISTOPLASMA AND BRAZILIAN 
BLASTOMYCES * 

Eleanor Silver DowdingI 
(with 6 figures) 

' Histoplasma capsulatum Darling is the causal organism of human 
histoplasmosis; Blastomyces brasiliensis (Splendore) Conant and 
Howell, of South American blastomycosis. Histoplasma is the 
more widely distributed, while B, brasiliensis is localized—chiefly 
in Brazil (fig. 1). There is no suggestion in the literature that 
they are closely related. They can, in fact, be distinguished one 
from the other in two ways. 

First, in culture, the spores of H. capsulatum are more plentiful 
and are distinctively shaped, while those of B. brasiliensis are rarer 
and lack the distinctive irregular outline of Histoplasma. 

Second, within the host cell, Histoplasma exists as a small oval 
cell 1.5/1 long, sometimes with a single bud. B. brasiliensis is a 
larger spherical cell 15-20/1 in diameter, surrounded by a number 
of buds. 

However, in cultures of both fungi, spores may be lacking. 
Upon one occasion in this laboratory there were six cultures of a 
single strain of H. capsulatum on Sabouraud’s medium. Two of 
them were one month old, two, three months, and the remaining 
two, four months, all growing vigorously. Only one of the six 
was producing spores. The other five possessed little to distin¬ 
guish thfem from B. brasiliensis. In some cultures, the writer has 
seen microconidia of H. capsulatum in great abundance, but Howell 
(9), in his study, discovered so few that he considered them '‘ob- 
viously depauperate structures.” 

Again, Almeida studied the multiple-budding forms of B. brasi¬ 
liensis as they occurred in animal tissue (1). He pointed out that 

♦This investigation was made possible by financial assistance from the 
National Research Council of Canada and the Dominion Department of 
Health. 

t Mrs. E. S. Keeping. 
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the uppermost and lowermost slices of serial sections show groups 
of minute daughter cells separated from the parent cell. His pho¬ 
tograph of these bodies within animal tissue strongly recalls Histo- 
plasma. Only by searching in other sections would one find the 
larger cell to which they are attached. Then again, it has recently 
been shown that the spores of Histoplasma may reproduce by mul- 



Fig. 1. Distribution of mycoses caused by H. capsulatum and B. brasiliensis. 
Adapted from Conant et al. ‘‘Manual of Clinical Mycology.” 

tiple budding (8). In short, the writer suggests that the two fungi 
are similar enough for medical mycologists, under certain condi¬ 
tions, to confuse them, and that a comparative study of their 
saprophytic phases would be in order. 

Observations on Histoplasma have recently been published (8). 
Some of the results together with a discussion and interpretation 
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of them are given below, followed by a description of B. brasiliensis 
which confirms and extends Almeida’s study (1). 

MATERIALS AND METHODS 

Six strains of Histoplasma and seven of B. brasiliensis, including 
B, cerebriformis were examined. Those studied in greatest detail 
were: H. capsulatum obtained from Dr. C. W. Emmons of the 
United States Public Health Service; B. brasiliensis from Dr. 
N. F. Conant of Duke University, and B, brasiliensis strain 630 
from the National Collection of Type Cultures in Kew, England. 
A fungus sent for identification by Dr. K. B. Kaper of the U. S. 
Dept, of Agriculture, was classified as Sepedonium chrysospermum 
Fr. and used for comparative study. 

H, capsulatum was cultured on Sabouraud’s medium, rice as 
prepared by Conant (3), Littman’s agar, malt agar, dextrose broth, 
cysteine broth (13), and beef broth. B. brasiliensis was grown 
on Sabouraud’s medium, plain agar, rice, cornmeal agar, malt agar, 
soil agar, soil, asparagin synthetic medium, and coffee agar (for 
the reason that South American blastomycosis is common among 
coffee workers). Of these substances, the most satisfactory for 
growth of Histoplasma was on Sabouraud’s medium. B, brasilien¬ 
sis grew well on Sabouraud’s medium, plain agar, and rice, the best 
sporulation and most characteristic growth being on rice. 

HISTOPLASMA CAPSULATUM 

Histoplasma capsulatum grows at room temperature with a 
dense, white, fine, cottony, aerial mycelium sometimes bearing 
spores. The spores are of two kinds, microconidia and larger 
spores described in the literature as chlamydospores. The micro¬ 
conidia, which are borne laterally, are sessile, pyriform, frequently 
echinulate, and about 2.5 fx in diameter. 

Since the Histoplasma “chlamydospore” is neither thick-walled 
nor resting, the term macroconidium is. {i^Teferable for it, and will 
be used here. The macroconidia are about five times larger than 
the microconidia, spherical or pyriforni, smooth or somewhat warty 
at first,^ later, on Sabouraud^s medium, becoming tuberculate with 

^ Mature macroconidia remain smooth on malt agar, Littman’s agar, dex¬ 
trose broth and cysteine broth. 
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radial projections, and taking on an amber color. A mucilaginous 
secretion exudes from the pits of these spores and envelops each 
of them. 

The tuberculations of the macroconidia are characteristic and 
give the spores an appearance rather like Chenopodium pollen. 
Their shape, which may be obscured by the surrounding secretion, 
is pyriform, and their length about 2.5 /*. Howell (9) has pointed 
out that macroconidia of Histoplasma and the spores of Sepedo- 
niiim chrysospenmim both have finger-like projections. In the 





Frc. 2. The spores of H. capsulatum: a and b, niicroconidia; c and d, 
macroconidia; a and c, primary spores; b and d, secondary spores; nt, 
mucilaginous secretion. 


young spore of both they are hollow and contain protoplasm. 
However, the writer is convinced that they differ in that the 
Sepedonium spore-projections upon maturity become solid with 
wall-substance while those of Histoplasma remain hollow. 

Morphological and cultural studies have shown that the conidial 
tuberculations are spores (8) (fig. 6c). Because they are not 
readily detached, they are, like the microconidia of dermatophytes, 
aleurospores in Vuillemin’s sense (15). They may give rise to 
numerous microconidia which become suspended in the drop 
exuded by the macroconidium. 
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We may classify the spores of Histoplasma as follows. A pri¬ 
mary conidium is one that grows upon a hypha (fig. 2a and c). 
A secondary conidium is one that grows upon a conidium (fig. 2b 
and d). The diagrams in figure 2 are of microconidia, macro- 
conidia, primary conidia and secondary conidia. The conidial tu- 



Fig. 3. The spores of B, brasiliensis: a, miqroconidia (shaded), b-f, 
macroconidia; a and e at 27® C; the rest at growth during an 

interval of 24 hours. Further description in text, (X 1000.) 
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berculations (fig. 2rf), according to this scheme, are secondary 
conidia. 

Histoplasma grows as a yeast within the host, and also, under 
certain conditions (13), in vitro, Conant (4) describes the yeast 
colonies as small, white, moist, and pasty, resembling bacterial col¬ 
onies. The yeast cell he describes as oval, 1.5-2 X 3 ft, reproduc¬ 
ing by a single bud at the pointed end, at maturity enlarging and 
becoming spherical. Although the yeast cells usually bud singly, 
in this laboratory cells with as many as five buds have been 
photographed (8). 

A previous paper (8) described the transformation of hyphae 
and conidia into yeast cells. In this transition, multiple budding 
is characteristic of the macroconidium. The secondary conidia 
which surround it enlarge, become spherical, detach themselves 
from the parent cell and act as yeast cells (fig. 6^). 

BLASTOMYCES BRASILIENSIS 

At room temperatures, Blastomyces brasiliensis is not vigorous; 
it grows slowly with a sparse, white, aerial mycelium. The center 
of young cultures may grow into the air as white tufts or bristles. 
On Sabouraud's medium cultures could often be identified by (1) 
their fine radial ridges and (2) the peculiar peripheral zone. This 
zone, instead of being white and fluffy like the rest, is often trans¬ 
parent and convoluted. Microscopical examination shows that the 
mycelium here is dead and disorganized. Almeida in describing 
cultures (1), mentions a “hard enveloping mass, a product of the 
hyphae.” 

Unlike Histoplasma with its tuberculate spores, B. brasiliensis 
on any of the media used, lacks conspicuous distinguishing mor¬ 
phology. The details of the mycelium are obscure. On agar the 
hyphae are narrow (less than 1 ft in diam.), delicate, indistinct, 
and tightly interwoven. Frequently lengths of cell wall become 
dissolved. The globular cell-contents ma> float in the medium and 
are then difficult to distinguish from spores (fig. 3/) or they 
remain as amorphous patches on the surface of the hyphae as 
described in Neurospora (10). The most conspicuous hyphae are 
certain branches that are wider and with denser contents than the 
rest, sometimes spiral, often hooked, and tending to fuse in pairs. 
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In general the mycelium suggests abnormal growth due to an un¬ 
suitable medium. A medium which furnished a more normal¬ 
appearing growth, although without spores, was synthetic asparagin 
broth with cotton-wool as a source of unsaturated fatty acid (11). 
The mycelium in this medium was submerged, coarse (with hyphae 



Fig. 4. Five systemic fungi: 1, at 27° C; 2, at 37° C; 3, in host. Read¬ 
ing anti-clockwise, the fungi are: Haplosporangium panmm, Coccidioides 
immitis, Histoplasma capsulatum, Blastomyces brasiliensis and B. dermati- 
tidis. Only C. immitis has endospores. 

2 or 3 /i in diam.' and with dense contents), and lacking tangles or 
hyphal fusions. 

The mycelium of B, brasiliensis has one feature that serves to 
distinguish it. It tends to grow in a three-dimensional network 
(fig, 5a), Terminal swellings may produce radially several nar¬ 
row hyphae which at their tips produce similar swellings (fig. 3a, 
1 and 2). The resulting mycelium resembled that of the parasite 



Fig. 5. B. brasiliensis: a and b, on rice at room temperature; c, on agar at 
37° C; a, hyphal reticulum; b, microconidia; c, macroconidium. ( X 1500.) 
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Syncephalis nodosa van Tieghem which envelops species of Pilo~ 
bolus with a similar network and which is illustrated by Buller 
( 2 ). 

The conidia of B: hrasiliensis have been described by Conant 
and Howell (5) as lateral, sessile, round to pyriform, 3-25 in 
diameter. 

The writer will 'term the smaller spores, 1-4 fi in diameter, 
microconidia- They are terminal or intercalary. When terminal, 
a hypha may grow out from the spore near its point of attachment 
so that the spore is thrust aside and appears lateral (fig. 3a 
center). Microconidia are scarce on agar, more numerous on rice. 
On rice they may be formed in clusters on spiral hyphae, so densely 
that their arrangement is difficult to make out (fig. 5b), They 
are spherical and smooth, very seldom pyriform. 

Cultures also produce larger terminal or intercalary cells, up to 
25 fi in diameter (figs. 3b; 5r). Similar cells are formed in ani¬ 
mal tissue. They have been described in the literature as multiple¬ 
budding structures, yeast-forms, arthrospores, or chlamydospores. 
The writer will term them macroconidia. They occur sometimes 
at room temperature, more readily at 37° C, and are distinguished 
by their ability to produce multiple buds, although by no means all 
macroconidia do so. 

Compared to the macroconidia of H, capsulatum, those of B, 
brasiliensis are about twice the size,- more variable in size and 
shape, and smoother contoured. As Almeida has observed (1), 
this smooth contour may be broken by small indentations. 

At 37° C, B. brasiliensis grows as a multiple-budding yeast. 
Some* strains, e,g, the English strain 360, are readily converted to 
the free-yeast form (fig. 6e and /). In other strains, e,g, Al¬ 
meida’s S. cerebreformis now placed with B, brasiliensis, the bud¬ 
ding cells are not readily detached, but tend to stay together. They 
grow as a pseudomycelium (fig. 6a) or a ti^or-like mass (fig. 3h, 
upper right, and d). Such strains, growing at 37° C as micro¬ 
cultures, were observed successively Under the microscope. At 
first a hypha possessed intercalary macroconidia at intervals along 
its length (fig. 3ft, center). Then the intervening parts swelled 
into spores, forming a bead-like chain (FiG.>j6d). The members 
of the chain then grew by budding (fig. 5c). 




Ftg. 6. />’. brasilicnsis and H. capsulatum macn>c()nidia: b and c, H. cap- 
sulatum, the others B, brasilicnsis. They are all producing secondary spores. 
The three spores of H. capsulatum in c that are slightly out of focus are in 
reality attached to the macroconidium. (X 1500.) 
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The multiple buds may be extremely small, even bacilliform 
(fig. 3c). Sometimes they are difficult to see; for instance only 
careful examination of the third cell in figure 6a will reveal their 
presence. 

DISCUSSION 

It is well known that Coccidioides immitis reproduces within the 
host by the formation of internal spores, which are set free by the 
rupture of the spore wall. The ability to produce external buds 
separates the majority of systemic fungi from C, immitis. This 
difference between the species is shown (fig. 4). 

Of the fungi that reproduce by external budding, only Blasto¬ 
myces hrasiliensis is differentially diagnosed by its multiple buds 
in the animal tissue (fig. 4). However, in the yeast phase of 
several other species, multiple budding has been observed.^ Salvin 
found it occurring under certain cultural conditions in Sporo- 
trichum Schenckii (12). De Monbreun (7) has photographed it 
in cultures from monkeys artificially inoculated with Blastomyces 
dermatitidis. The writer also has observed it in this species. In 
Haplosporangium parvum, figure 2r of a recent paper (8) sug¬ 
gests multiple budding. 

The tuberculations in the macroconidia of Histoplasma capsu- 
latum are interpreted as being external spores. These spores under 
appropriate conditions act as yeast cells. Multiple budding has, 
therefore, been demonstrated for an additional species. 

Provincial Laboratory of Public Health, 

University of Alberta, 

Edmonton, Alberta, Canada 

LITERATURE CITED 

1. Almeida, F. de. Mycologia Medica, 710 pp. 1939. Brazil, Catnpanhia 

Melhoramentos de Sao Paulo. 

2. Buller, A. H. R. Researches on Fungi. Voji^d, p. 21. 513 pp. 1934. 

London, Longmans, Green and Co. 

3. Conant, N. F. Studies in the genus Microsporum. I. Arch. Derm. 

& Syph. 33 : 665-683. 1936. 

2 In Saccharomyces cerevisiae. Barton (Journ. Gen* Microbiol. 4 : 84. 
1950) by observing the bud-scars, has counted as m^y as 28 times of bud¬ 
ding in a single cell. 



Dowding: Histoplasma and Brazilian Blastomyces 679 


4. Conant, N. F. A cultural study of the life-cycle of Histoplasma capsu- 

/a/uw Darling 1906. Journ. of Bact. 41: 563-578. 1941. 

5. Conant, N. F., and A. Howell. The similarity of the fungi causing 

South American blastomycosis and North American blastomycosis. 
Jour. Invest. Dermatol. 5: 353. 1942. 

6. Conant, N. F., et al. Manual of Clinical Mycology. 1945. Philadel¬ 

phia, W. B. Saunders Co. 348 pp. 

7. DeMonbreun, W. A. Experimental chronic cutaneous blastomycosis in 

monkeys. Arch. Derm, and Syph. 31: 831-857. 1935. 

8. Dowding, B. S. The spores of Histoplasma. Can. Jour. Res., E, 26: 

265-273. 1948. 

9. Howell, A., Jr. Studies on Histoplasma capsulatmn and similar form 

species—I. Morphology and development. Mycologia 31: 191-216. 
1939. 

10. Pease, D. Bacterium-like amorphous patches associated with certain 

races of Neurospora. Amer. Jour. Bot. 23: 612-618. 1936. 

11. Pollock, M. R. Unsaturated fatty acids in cotton-wool plugs. Nature 

161: 852. May 29, 1948. 

12. Salvin, S. B. Multiple budding in Sporotrichum Schcnckii Matruchot. 

Jour. Invest. Dermatol. 9: 315-320. 1947. 

13. Salvin, S. B. Cysteine and related compounds in the growth of the 

yeastlikb phase of Histoplasma capsulatum. Jour. Inf. Dis. 84: 275- 
283. 1949. 

14. Salvin, S. B. Phase-determining factors in Blastomyces dermatitidis. 

Mycologia 41: 311-319. 1949. 

15. Vuillemin, P. Les champignons parasites ct Ics mycoses de Thomme. 

1931. Paris, Paul Lechevalier et fils. 290 pp. 



NOTES AND BRIEF ARTICLES 

Chemical Activities of Fungi, by Jackson W. Foster. 648 
pp. Academic Press, New York, 1949. $9.50. 

There are two ways in which a book that covers a rather broad 
field of biology can be written. In one the author hurriedly assem¬ 
bles a hash of abstracts thickened with a few non-committal words 
of his own. The other way is for the author to consider carefully 
the observations reported in the literature of the subject using as a 
guide the hypothesis he thinks is most successful in unifying the 
material. This latter way, the one chosen by the author of this 
book, is the difficult one because knowledge of the subject is re¬ 
quired; and much time and effort must be expended to produce 
the book. 

An idea of the scope of the book can be obtained from the titles 
of the 19 chapters; Introduction, History, Perspective; The 
Methodology of Mold Metabolism; Chemical Nature of the Mold 
Mycelium; General Considerations of Mold Metabolism; Natural 
Variation; Mutations, Physiological Genetics, and Biochemical 
Syntheses; Trace Element Nutrition of Fungi; Lactic Acid For¬ 
mation by Fungi; Alcoholic Fermentation by Molds; Oxalic Acid 
Metabolism; Fumaric and Other C 4 -Dicarboxylic Acids; Citric 
Acid; Itaconic Acid; Kojic Acid; Gluconic and Other Sugar 
Acids; Carbohydrates Produced by Fungi; Nitrogen Metabolism 
of Fungi; Other Transformations in Fungi; and Microbiological 
Aspects of Penicillin. 

The first seven chapters (46% of the pages) are devoted mainly 
to the physiology of the fungi considered in this book. The large 
amount of space given to the elements of physiology presumably 
reflects the author's opinion (shared by pthers) of the low state 
of current writing about fungous physiology. 

In eight chapters (30% of the pages) are discussed acids, alco¬ 
hols, and polysaccharides formed from carbohydrates. Products, 
and the possible mechanisms by which they formed, are the 
main subjects of these chapters. The fungi ai^ mostly a few spe- 
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cies of Rhizopus, Aspergillus, and Penicillium. The activities of 
yeasts, actinomycetes, and basidiomycetes are not considered. 

Until we come to the chapter on penicillin, the contributions of 
American scientists to chemical activities of fungi are minor when 
compared with those of the Europeans and Japanese. Penicillin 
is the only antibiotic substance mentioned, as is proper, since it is 
the only one of importance formed by fungi. The commercial 
method for isolating penicillin as outlined in this book is of his¬ 
torical interest only, since the efficient plants use a much simpler 
process. 

On nearly every page there is presented an unsolved problem, 
sometimes only by implication, so that this book can be used as 
a source for enough problems to occupy the interest of a genera¬ 
tion of graduate students. Amazingly little is known about the 
details of many of the transformations discussed. 

The index, as far as it goes, is excellent and is the kind all 
worthwhile books should have. Thirteen species of fungi are listed 
in the subject index. I hope that an organism index as good as 
the subject index is inserted when the book is reprinted. An or¬ 
ganism index would make the work much more useful than it is 
to the beginning student for whom it was written. Names of fungi 
mis-spelled in the text should be corrected at least in the index. 

Certain aspects of the book must be criticized. The title is more 
inclusive than the book. Skillful editing would have removed the 
verbiage and reduced the size of the book or released the space for 
other material. On many pages indentations apparently were in¬ 
serted to break up the monotony of a solid page of type; they do 
not indicate the unity of thought that should constitute a para¬ 
graph. The shortcomings of the book are of minor importance. 
Nearly everyone who works with fungi will find something useful 
in it and will need to keep a copy handy.—F. W. Kavanagh, 
New York Botanical Garden. 
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Mycologia Volumes Wanted 

Dr. Juan C. Lindquist, Curator of the Institute de Botanica 
Spegazzini, La Plata, Argentina, writes that a fire has destroyed 
a portion of the Institute’s library, although the collections them¬ 
selves fortunately were not injured. Among other items destroyed 
were vol. 1, nos. 5 and 6, 1909; vols. 25 and 26, 1933-34; vol. 28, 
nos. 4 and 6, 193$; vol. 38, no. 1, 1946 and vol. 39, nos. 2 and 3, 
1947. Funds are not available at present for purchases of books 
or periodicals and Dr. Lindquist hopes that anyone having dupli¬ 
cates or unneeded copies of the above volumes will be good enough 
to send them to the Institute. 


Microcards 

Microcard copies of Fries’s Systerna mycologicum and Elenchus 
Fungorum have been prepared by the Microcard Foundation, 
Middletown, Connecticut. The reproduction is sharp and the text 
can be read with either a dissecting binocular or a hand-lens; 
Volume I occupies ten 3-by-5 cards. The four volumes are sold 
for $8.40; Volume I alone is $2.20.—A. H. Smith. 


Correction 

In ‘The Genus Gibellula on Spiders in North America,” by 
R. B. Mains, plciopus should read leiopus as used in the following 
names Torrubiella arachnophila leiopus (pp. 312, 314, 318 and 
321), Gibellula leiopus (pp. 318 and 321), and Gibellula arachno- 
phila f. leiopus (p. 318). 
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THE EXPANDING HORIZONS 
OF MYCOLOGY ’ “ 


F. K. Sparrow 

In the history of any science certain periods of intense and 
productive work are easily discernible. Sometimes these are the 
result of the enthusiasm of an unusually successful teacher or keen 
research man. Sometimes they come about because of the dis¬ 
covery of organisms ideally suited for certain types of experimenta¬ 
tion. Sometimes new tools for the investigation of special problems 
are discovered. Sometimes because of pressing national necessity, 
fields of investigation quickly open up that were undreamed of for 
the immediate future. Sometimes all of these elements combine 
to produce a relatively rapid reorientation and fresh approach to 
the science. 

The field of mycology, for example, has been given a new 
impetus and drive in the United States in recent years by some 
or all of these elements. It would be informative and no doubt 
interesting to assemble data from our journals of the past 40 years 
on the changing emphasis in fields of investigations on fungi. It 
seems sufficient here, however, to put these in general terms. 

For many years research in mycology has been primarily mor¬ 
phological and taxonomic, and it has been fruitful work, indeed. 
To be sure, there has always been an interest in the physiological, 
genetical, and general ‘‘experimental” avenues of approach, but 

^ Presidential Address, Mycological Society of America, New York, 1949. 

2 Contribution No. 911 from the Botany Department, University of 
Michigan. 
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it has not been great or sustained and has often dealt with specific 
isolated processes or products. There can be little question but 
that the excellent fundamental groundwork done in earlier years 
in the taxonomy and morphology of fungi has been a potent in¬ 
fluence in making possible the recent development and expansion 
almost by leaps and bounds of new fields of investigation. 

We are at the moment v.'atching on the sidelines, as it were, 
a beautiful and what will unquestionably come to be regarded as 
a classical example of the use of a fungus in unraveling the com¬ 
plicated skein of biochemical syntheses. 

The success of the current work on the biochemical-genetics of 
Neiirospora, presents to the speculative, general mycologist much 
food for thought. Here, because of the excellent morphological 
groundwork laid by Shear, B. O. Dodge and others, a team of 
investigators, chiefly interested in genetics and biochemistry, and 
utilizing genetical data, accumulated primarily by Dodge and 
Lindegren, has underlined a fresh approach to mycological study, 
the biochemical-genetical attack on fungus metabolism. 

To be sure, a great measure of their success is due, as they 
readily admit, to the special qualities of the fungus itself, and this 
is a point of more than passing interest. Too long, perhaps, have 
some of us regarded the activities of our special pets with an un¬ 
appreciative eye. We must come to a greater realization of the 
fact that among the fungi are organisms ideally suited for the 
study of fundamental, universal physiological processes. In Neu- 
rospora, for example, its simple nutritional requirements and high 
rate of growth favor biochemical studies. The fact that it is 
heterothallic and haploid favors a clear interpretation of genetical 
data since no problems of dominance and recessiveness occur. 
The linear arrangement of the ascospores in the ascus and their 
origin facilitates further precise genetical analysis and, since all 
the ascospores ordinarily are viable andi;give rise to colonies, no 
meiotic products are lost. A further favorable feature is the 
rapidity with which the whole life cycle is completed. The prob¬ 
lems of both genetics and l)iochemistry can be reduced to unusually 
simple terms. 

I need not repeat the fruitful and stiifiuJatihg results of this 
particular series of investigations nor emphasize their fundamental 
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biological significance. There is given us here still another line 
of evidence which points to the universality among living things 
of basic phenomena, whether they be reduction division or amino 
acid requirements. 

It would be intriguing to speculate on the wider application of 
the Neurospora work. Research in the complex problems of 
human nutrition and metabolism will beyond question benefit 
greatly. In our own area of study, biochemical mutants artificially 
produced might well in the future give us clues as to the origin of 
parasitism among the fungi. 

In the Aquatic Phycomycetes, there exists a field ripe for a new 
approach. We have up to now' been primarily concerned in dis¬ 
covering just what forms are present in nature and in learning 
something of their morphology, reproductive processes, habits, etc. 
Very definitely, this work has been in the classical tradition of the 
older mycology. The prediction I made two decades ago that there 
must exist an enormous microscopic phycomycetous flora, only a 
few scattered examples of which we then knew, has been abun¬ 
dantly confirmed. And we have by no means even now exhausted 
the field of pure discovery, as any attentive reader of the American 
Journal of Botany, Mycologia or the Transactions of the British 
Mycological Society will readily confirm! A modern young Lin- 
neaus can, without too much difficulty, with suitable procedures, 
ferret out whole hitherto unknown or little known groups. 

Something more fascinating than the discovery of new species, 
however, has emerged from these researches on Aquatic Phycomy¬ 
cetes—something which presents to experimental mycology a 
fertile field for investigation. We read after the routine technical 
descriptions of new species of chytrids a somewhat bizarre and 
almost incredible list of substrata: ‘‘On chitinous exuviae of 
aquatic insects," “cellophane," “onion skin," “pollen grains," 
“green algae," “shrimp skeleton,” “snake skin," etc. In other 
words it is now evident that even in this single group of the 
Phycomycetes we have an aggregation of microorganisms with vast 
capacities for the production of diverse enzyme systems and a 
general metabolic dexterity of a high degree. Further, when we 
read that a single, well-defined morphological species such as 
Catenaria anguillulae can utilize such a range of substrata as eel 
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worms, liverfluke eggs, algae, snake skin, mosses, ferns and dead 
angiospermous tissue we appreciate old Haller’s well-known and 
oft-quoted characterization of fungi as . a mutable and treach¬ 
erous tribe. . . 

We are only beginning to culture these extraordinary chytrids 
with any degree of facility. With the advent of rapid, sure methods 
of obtaining and maintaining them in pure culture, a broad field 
for physiological investigations will open up which will beyond 
doubt be one of unusual fruitfulness in both the areas of biochemis¬ 
try and general nutrition. 

It is heartening to see that a successful start has been made on 
basic physiological problems of Lower Phycomycetes by using 
modem physiological methods and tools. From what little we 
now know, their morphological diversity is only equalled by their 
capacity to derive nutriment from a wide variety of materials. 

Research on the genetics of the Aquatic Phycomycetes, how¬ 
ever, has been limited by various considerations, not the least of 
which has been the difficulty of getting some of them into pure 
culture and maintaining them. Furthermore, before any extensive 
work can be pursued along genetical lines, methods must be de¬ 
veloped for securing ready and abundant germination of the diploid 
phase by the production of uninucleate zoospores. This has been 
done with a high degree of success primarily in the Blastocladiales 
and it is in the genus Allomyces of that order that basic genetical 
work has been initiated and where it will no doubt be most quickly 
developed. Here, male and female gametangia are readily sep¬ 
arated and interspecific hybrids can be produced. Here, also, the 
resting spore, or its equivalent, can be subjected to outside physical 
and chemical forces during meiosis, and artificially produced mu¬ 
tants obtained. Furthermore, since the fungus is easily cultured, 
nutritional studies of a fundamental nature can readily be under¬ 
taken. Other features such as its coenocyj^c nature, rapid rate of 
growth, simplicity of structure, fast life cycle, etc. make it equal, 
to my mind, to Neurospora for biochentjc^l and biophysical studies. 

We have the tools and we have the ftmgi. We can look forward, 
now, I believe, to a new era of investigation on Lower Phycomy¬ 
cetes by persons trained in modern physiol^icat methods, using 
modern tools of attack. 
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Returning to a more general consideration of mycology, we see 
on all sides new developments which project the study of fungi 
into areas little or not at all touched upon in the past. I can 
mention here only a few of these. There are many others, as for 
example the work on variability, studies on the production of fats 
by fungi, the use of fungi in biological assays, etc. 

Under the impetus of our recent national emergency, mycology 
has suddenly expanded into the arena of national defense. The 
establishment of the Deterioration Laboratories by the Army 
Quartermaster Corps, organized and guided by the first President 
of our Society, William H. Weston, proved of great value in solv¬ 
ing the immediate problems of materiel deterioration and in meet¬ 
ing new ones. War brought to the fore this somewhat neglected 
aspect of mycology. There was an almost !)elated appreciation of 
the role of fungi in the destruction of fabrics, leather, delicate in¬ 
struments of essential communication, and even lenses. All or 
nearly all of these deleterious activities of fungi were known be¬ 
forehand. However, the tremendous scale on which this deteriora¬ 
tion of essential war materials took place in a global war, especially 
as waged in the tropics, pointed up the problem and convinced 
even the most skeptical of the need for prompt and efficient team¬ 
work. 

The work of the Biological Laboratories of the Quartermaster 
General Laboratories is being continued. This organization em¬ 
braces laboratories of Microbiology, Biochemistry, Physiology and 
Biological Testing, all of which are concerned with various aspects 
of fungus metabolism in relation to the deterioration of military 
and industrial materials. Many hundreds of cultures of fungi 
isolated from deteriorating military equipment from all over the 
world are maintained in active condition both at Philadelphia and 
at the Farlow Herbarium at Cambridge, Mass., where part of the 
project is placed. Thousands of others are kept viable but in an 
inactive state for possible future study. Each fungus in the active 
collection will eventually be studied in all aspects of its relation to 
deterioration. Especially significant species which lehd themselves 
to such treatment will be used in biochemical investigations of 
various processes of deterioration. The results of the^ continuing 
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studies will be of unquestioned value to the military and to private 
industry. 

The proven value of mycological investigations in solving prob¬ 
lems of deterioration in vital naval equipment, has resulted in the 
formation of a section of Moisture and Fungus Proofing in the 
Bureau of Ordnance of the Navy Department. In this organiza¬ 
tion the mycologist has such varied duties as: development of re¬ 
search programs in moisture- and fungus-proofing, both within 
the Navy and in industrial and research institutions; determina¬ 
tion of the extent of damage by fungi and moisture on shipboard; 
writing specifications for moisture and fungus proof varnishes, 
etc.; devising tests for materials; consultation with naval estab¬ 
lishments and contractor groups; liaison and committee work with 
groups both within and outside the Navy. The activities of this 
section demonstrate not only the present importance of mycological 
work in vital defense but the diversity of duties the modern *‘prac- 
tising mycologist” may be called upon to perform. 

Let us turn for a moment to another aspect of mycology. It 
seems hardly necessary today to call special attention to the field 
of antibiotics. Within a short space of time a new area of fungus 
study and a giant industry have been developed. This lusty young 
industry has in many cases been both guided and developed by 
mycologists who were specialists in fields far removed from their 
present one. They left their former research interests and with 
admirable courage turned their energies towards developing and 
expanding the commercial aspects as well as the purely scientific 
ones of a new field of mycology, a field of our science of vital im¬ 
portance to every human being. It is plain to see that as a result 
mainly of their efforts, fungi have definitely entered big business, 
and they seem there to stay. 

As we find out more and. more about the workings of these 
powerful therapeutic.agents, we wonder ij there may not be in 
nature many other, undiscovered, strains' not only of Penicillium, 
etc., but of other fungi, which might yiel^ products to fulfill diverse 
clinical needs. Perhaps we have just scratched the surface of this 
phase of mold metabolism and perhaps ther^ await us, either in 
nature or in experimentally produced strain!organisms capable 
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of yielding a vast arrafy of substances of both medical and general 
commercial importance. 

Along with this resurgence in the commercial use of molds there 
has run a parallel expansion of what has been called “fermentation 
engineering.” The growing of large quantities of fungi under 
sterile, controlled conditions and the refining of their products 
have brought forth new problems in plant construction, new types 
of apparatus, machinery, etc. This, too, is a part of the expanding 
mycological picture, for these engineers are dealing with problems 
of fungus growth and metabolism on a large scale. 

One cannot omit mention at this point of the part played by the 
Northern Regional Research Laboratory in the development of 
improved methods of penicillin production. The wartime col¬ 
laborative efforts of this organization with other centers of research 
on this problem not only resulted in notable increases in the yield of 
this valuable drug by way of high-yielding strains, etc., but also 
materially assisted in putting penicillin production on a sound 
commercial basis. Wartime governmental agencies considered the 
penicillin program second only in importance to the perfection of 
the atom bomb. This same N.R.R.L. group also gave effective 
service during the war to the studies on deterioration being carried 
on by the Quartermaster Corps. The wisdom of seeing to it that the 
Regional Research Laboratories were staffed with able mycolo¬ 
gists and microbiologists has been of immeasurable service to the 
country. At present, the Culture Collection of the Fermentation 
Division of the Northern Regional Research I^aboratory carries 
over 5000 species and strains of filamentous fungi, yeasts, bacteria 
and actinomycetes. These are maintained for a dual purpose: to 
supply microorganisms for their own investigations on fermenta¬ 
tions and to supply research laboratories both here and abroad with 
cultures of significance in fermentations and other fields of micro¬ 
biology. One of the most important aspects of the collection is the 
maintenance of multiple strains of particular species which are of 
known or potential value in important fermentation processes. 

We might turn to yet another aspect of our science—Medical 
Mycology. This area has been gradually assuming greater and 
greater importance among active practitioners and clinicians and 
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to some degree in medical education. Possibly this has come about 
because a few well-qualified mycologists and physicians have had 
a continuing interest in the field. Working closely with those 
familiar with the clinical aspects of fungus diseases in man they 
have accomplished a great deal. We can look forward, I believe, 
to an increasing demand from medical centers for persons trained 
in basic mycology who will further specialize in medical mycology. 
How much can be done in an already crowded medical college cur¬ 
riculum towards increasing the time devoted to a study of fungi is 
problematic. 

We might mention at this point the establishment by the govern¬ 
ment, under the National Institutes of Health, of an organization 
devoted primarily to the study of large fundamental problems of 
mycoses in man. This group undertakes field studies on diseases 
suspected to be of fungus origin. It also carries on extensive sur¬ 
veys of pathogens peculiar to certain areas, with special emphasis 
on such problems as possible wild hosts. Since most of the fungi 
causing systemic and fatal mycoses in man are not transmitted to 
persons in contact with the patient, the epidemiology and the 
source of the infection become matters of greatest importance. The 
positive demonstration by these workers of the occurrence of cocci¬ 
dioidomycosis and histoplasmosis in wild rodents goes far towards 
explaining the peculiar geographic distribution of some diseases. 
Not only does this laboratory provide a diagnostic and identification 
service as a practical aid to physicians, hospitals and state health 
laboratories, but it also carries on work on the improvement in 
diagnostic methods and the dissemination of information about 
them. It also pursues studies on skin-testing as a diagnostic 
method and at present is working on serologic methods of diagnosis 
and studies of the nutritional requirements and responses of fungi 
with special reference to serologic methods. Studies of fungicides 
have also been undertaken. An expansion of this important aspect 
of mycology, touching as it does on the puSfic health and welfare, 
seems eminently desirable and would serve the country well. 

Other agencies which have contributed to this phase of mycology 
could be mentioned, for example, certain pharmaceutical houses, 
but this seems sufficient to illustrate that here,';as elsewhere, mycol¬ 
ogy is on the march and is penetrating more more extensively 
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and effectively into what were once regarded as peripheral areas 
of the science. 

To my mind, our organization stands at a critical point in its 
history in relation to these newer developments in mycology. We 
should give full recognition to the fact that there has arisen what 
might be termed a **new mycology,*' which merits our fullest possi¬ 
ble cooperation. Unquestionably, morphological and taxonomic 
work will always be a basic and integral part of our science. This 
new mycology, however, is a logical outgrowth not only of the ex¬ 
perimental trend of biological science in general, but of the times 
through which we are passing. 

What can we do? Few of us, indeed, can pick up the long- 
faded strands of our early training in chemistry and become bio¬ 
chemists of fungi. More of us, perhaps, can put our hand to other, 
experimental, aspects of the groups with which we are familiar and 
make some use of the modern tools of experimentation which have 
been made available to us. All of us who are teachers can assist 
in the development of this phase of mycology by acquainting our 
students with the many opportunities for research in the experi¬ 
mental aspects of the subject and by seeing to it that they are 
properly prepared in the basic sciences to pursue such researches 
on fungi. 

It seems to me that at this time certain features of the Society 
should be discussed and decisions made. We ought to have within 
the framework of the Mycological Society provision for those 
interested in these new areas of mycology. For example, there 
might well be a section concerned with research and problems 
in “mycological” or “microbiological engineering.” This expand¬ 
ing field lies, to be sure, on the borderline of our science, yet it is 
concerned with fungi. There could be formed with profit to all a 
section of the Society dealing with problems arising from the indus¬ 
trial uses of fungi. Those interested in the physiology of fungi are 
most certainly people who should be members of the Society. 
Much can be gained by mutual contact, and the views of all will 
be broadened. Thinking along these same lines, we might well 
include the field of deterioration and preservation. Here is an¬ 
other group dealing with the applied aspects of mycology. To be 
sure, many of their problems are problems of chemistry, manufac- 
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ture, etc., but they do center around fungi. Amateur groups should 
be encouraged to affiliate with us. To form independent societies 
concerned with individual facets of mycology results, it seems to 
me, in a loss to all. The new society centers its interests around 
a small field and can easily lose contact with the broader aspects 
of the science. The parent group, in turn, loses the catholicity of 
interests which an organization of national stature should possess. 

It might be pertinent here to emphasize that the Mycological 
Society of America is not solely a society for the study of fungus 
taxonomy. That it has seemed like the latter to some, can l)e 
traced in part to the fact that the founders of the Society were in 
large part interested in taxonomy and this was naturally reflected 
in the activities and publications of the Society. 

Let me say, in conclusion, that the Mycological Society, I feel 
sure, is interested as it always has been, in all phases of fungi, and 
that as the horizons of mycology continue to expand, the Society 
will keep pace with them. 



THE RELATION OF NUTRITION TO THE 
GROWTH AND MORPHOLOGY OF 
TRICHOPHYTON FAVIFORME 

Lucille K. Georg* 

(with 6 figures) 

The large-spored ectothrix trichophytons of animal origin w^ere 
described by Sabouraud in 1893 (1) as Trichophyton javiforme 
or “trichophytons of faviform culture*’ because of the resemblance 
of their colonies to those of Trichophyton Schoenleini, the causative 
agent of the disease favus. These fungi were extremely slow to 
develop on the sugar-peptone media of Sabouraud and, even after 
3 or 4 weeks of growth, produced button-like colonies only 10 to 
15 mm. in diameter. The colonies were usually raised and often 
acuminate (occasionally flat), with an irregularly folded surface. 
They were tough and leathery in texture. The surface was gla¬ 
brous and at times moist, with a small amount of white powder or 
velvety surface growth developing on older colonies. Microscopic 
examination revealed a highly irregular, twisted, degenerate type 
of mycelium with many chlamydospores. Microconidia and macro- 
conidia, the characteristic spores of the genus Trichophyton, were 
not observed. Although their cultural appearance resembled that 
of T. Schoenleini, Sabouraud separated these fungi from the latter 
because of their common occurrence on cattle and horses, their 
ectothrix appearance clinically, and their association with cir- 
cinate or suppurative lesions typical of ringworm rather than of 
favus. 

E. Bodin (2), who studied the culture described by Sabouraud 
as Trichophyton faviforme, isolated several similar organisms from 
lesions on horses, a donkey, and a calf. In addition, Bodin de¬ 
scribed a strain which he at first called “Trichophyton faviforme 

♦From the Department of Dermatology, College of Physicians and Sur¬ 
geons, Columbia University, New York City. Present address: Communica¬ 
ble Disease Center, Mycology Laboratory, Chamblc^, Georgia. 
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du veau'* but later named T. verrucosum (1902). His description 
was as follows: ‘‘On glucose agar the culture forms a little cake in 
a month’s time. Part is submerged in the agar, and the surface is 
irregular, verrucose, and grey.” 

In 1908, Sabouraud (3) described two species in this group. 
One which he called Trichophyton ochraceum corresponded closely 
to the T. verrucosum of Bodin except that on maltose agar it 
formed a yellow ochre pigment. The second species, T. album, 
was difficult to distinguish from T. Schoenleini. It formed a 
glabrous, acuminate colony with regularly folded sloping sides. 
Some colonies were umbilicate and resembled a miniature volcano. 
Sabouraud stated that it was extremely slow-growing and poorly 
developed in comparison with cultures of T. Schoenleini, He 
found that primary cultures had to be placed in an incubator at 
37° C. to obtain best development. After continued cultivation, 
the organism occasionally developed a fine white powder, or an 
irregularly distributed short white down over the surface of the 
colony. In 1910, Sabouraud (3) described a fourth species, T. 
discoides, which he stated was similar to T. album except that, in 
culture, it formed an almost perfect disc with a flat surface and 
often a central knob. Some colonies had a slight brownish color 
and a moist appearance while others developed a fine, short white 
velvety growth over the entire surface. 

Many workers have studied the organisms t)f the so-called “favi- 
form group” in an attempt to obtain spores which would identify 
them more clearly as members of the genus Trichophyton, The 
introduction of the “natural media of polysaccharide base” by 
Langeron and Milochevitch (4) has aided this study greatly. On 
these media, which consisted of whole grains of wheat, barley, corn, 
and oats, the fungi developed quite rapidly, producing an appear¬ 
ance entirely different from that of the glabrous colonies obtained 
on the sugar-peptone media of Sabouraud. A white powdery or 
even fluffy growth spread over the surface "of the grains and micro¬ 
scopic examination revealed microconidia, characteristically borne 
singly along the hyphae (en thyrse) and terminally in clusters (erf 
grappe). Rudimentary spirals and .one atorjtive macroconidium 
typical of the Trichophyton genus also were demonstrated. 

In 1934, Lebasque (S) carefully reviewed; the “faviform group” 
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and was able by the use of the polysaccharide media to complete 
morphological studies of the known species as well as of three new 
species. Lebasque accepted the following as valid members of the 
genus Trichophyton: T, verrucosum (Bodin, 1902), flat, with ver- 
rucose surface and a grey color, T. ochraceum (Sabouraud, 1908), 
flat and verrucose, but with an ochraceous pigment; T. album 
(Sabouraud, 1908), heaped and folded, with a waxy appearance; 
T. discoides (Sabouraud, 1910), disc shaped with a small central 
knob; and T, equinum (Gedoelst, 1902), and T, caballinum 
(Neveu-Lemaire, 1921), two strains isolated regularly from horses, 
which showed a white, downy to fluffy surface but were otherwise 
similar to other strains in this group in their lack of ability to pro¬ 
duce spores on the sugar-peptone media. His three new species 
were T. bullosum, T. villosum, and T. papillosum. 

Since many of these species had been designated solely on the 
basis of colony size and shape, degree of downiness, and pigment 
production, characteristics which are highly variable among der¬ 
matophytes, it is probable that several are actually synonymous. 
It seemed important to study a series of recently isolated strains 
in this group as well as cultures from stock collections in order 
to learn the range of variation which could be expected in a single 
strain. 

Furthermore, since it has been shown that under certain condi¬ 
tions these fungi can grow rapidly and produce spores, it was 
hoped that more comprehensive studies on their nutritional re¬ 
quirements would establish their characteristic types of growth 
and spore production and thus furnish a firmer basis for their 
identification. 

EXPERIMENTAL 

Part I. Cultural Studies of Recently Isolated Strains of 
T. faviforme 

The strains studied were isolated from cases of ringworm which 
had appeared among a group of farmers and their families in 
central Pennsylvania. In most cases large-spored, ectothrix in¬ 
volvement of the hairs had been observed, and the lesions, which 
occurred most frequently on the face, neck and scalp, were of a 
deep suppurative type. In all instances there was a history of 
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recent contact with cattle, and in several cases similar cultures 
were isolated from ringworm lesions on these animals. The clini¬ 
cal course and treatment of a series of 23 cases have been described 
in a previous publication (6). It was pointed out that it was 
occasionally difficult to isolate the fungi from these lesions using 
Sabouraud's dextrose agar and incubating at room temperature. 
However, by the use of a heart infusion-tryptose agar (Blood Agar 
Base, Difco) and incubation at 37° C. the chances for successful 
isolation were much improved. Although the fungi developed rap¬ 
idly on this medium, growth was enhanced further when 0.1 mg. 
thiamine was added to 100 ml. of the melted partially cooled agar. 
On heart infusion-tryptose agar with added thiamine, the colonies 
were 30 to 40 mm. in diameter at the end of two weeks. They 
were often heaped and folded and covered with considerable surface 
growth which appeared as a fine powder or an erect white down. 
Microscopic examination of such colonies revealed a regular, flexu- 
ous mycelium with only occasional chlamydospores. The aerial 
growth contained large numbers of microconidia, and in several 
strains characteristic macroconidia were found as well. 

A. Growth on Saboiiraud's dextrose agar 

On Sabouraud’s dextrose agar, the fungi grew slowly and pro¬ 
duced small, glabrous colonies resembling the species described by 
Sabouraud as T, ochraceum, T, album and T, discoides (fig. 1, 
a, b, c). Microscopically only irregular mycelium and chlamydo¬ 
spores were observed (fig. 2a). With frequent subculturing the 
strains could be maintained on Sabouraud’s dextrose agar, but the 
colonial form was not stable. It was decided to study a series of 
single spore isolates in order to observe the possible range of 
variation within each strain. 

Eight strains showing various colonial forms were selected for 
study. Spore suspensions were obtainecftrom growth on the heart 
infusion-tryptose-thiamine medium ^escribed above, and six micro¬ 
conidia were selected from each stt^in according to the method 
described by Georg (7). The monospore cultures were studied 
over a period of several months. Some t&e strains were quite 
stable and retained their original colonial form even after several 
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r, r. faviforme (varieties ochraceum , album and discoides ) on Sabouraud’s dextrose agar; 
Same cultures on trypticase-dextrose-thiamine agar. 
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transplants on Sabouraud’s dextrose agar, but the large majority 
were variable, producing a wide range of colony forms. Figure 3 
indicates some of the variants obtained from a single spore strain. 
Not only were there differences in shape and topography of the 
colonies, but also in the presence or absence of aerial growth and 
of pigment. 

The possibility of variation in these organisms was first sug¬ 
gested by Cazalbou in 1913 (8) when he described Trichophyton 
singulare, a new species which had two cultural states, one glabrous 
and cerebriform, the other downy, flat, and disc shaped. The two 
forms were found to be reversible. In 1938, Gammel and Work 
(9) described a case of ringworm contracted from cattle and caused 
by a fungus which they called Trichophyton album var. singulare. 
After several transplants on a liver infusion agar, this organism 
produced two distinct types of growth, a cerebriform and a discoid. 

These findings as well as our data obtained with single spore 
cultures seem to indicate that Trichophyton album, T, discoides, 
and T, ochraceum are not specifically distinct. It is suggested that 
the name Trichophyton faviforme be retained for the variants in 
this group. T. faviforme was the first designation employed by 
Sabouraud (1) and also by Bodin (2). It has had considerable 
usage, and is more generally descriptive of these organisms than 
names which represent highly variable colonial characteristics. The 
colony types may be designated as varieties: album, discoides, 
ochraceum, etc. 

B, Grozvth on whole grains 

The eight monospore strains of Trichophyton faviforme were 
planted on moist rice and barley grains. All the strains grew 
well, covering the grains with a felt-like mat. By the tenth day, 
most of the cultures had formed an erect aerial mycelium which 
extended beyond the kernels. A few of the strains produced only 
a fine, white, powdery growth at first but by the twenty-fifth day 
some down was visible here also. Microscopic examination showed 
regular, branching, flexuous hyphae with occasional intercalary 
and terminal chlamydospores. The aeiSal growth contained nu¬ 
merous microconidia scattered along the mycelium, as well as in 



Fig. 2. a. Microscopic appearance of T. fatiforme from growth on 
Sabouraud’s^dextrose agar; b. The same culture from growth on heart 
infusion-tryptose-thiamine agar. 
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Fig. 3. Variation in colony form in a single spore strain of T. favifornic — 
Sa^uraud's dextrose agar. 


terminar tree-like clusters (fig. 4a^^‘b). These spores broke 
off squarely and easily from the point of their perpendicular attach¬ 
ment and were generally rather slefnder and elongate with consid¬ 
erable variation, measuring 1.5-2 X 3-4 /x. 

Macroconidia were found also in the,4owhy to fluffy aerial my¬ 
celium appearing from the tenth to thirjteenth day. These were 
thin walled, 20-50 X 5-8 fi, with 1-7 septa, occurring singly either 
laterally or terminally. Some were short and bulbous, others had 
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Fig. 4. a, Microconidia scattered along the mycelium from growth on rice 
grains; b, Microconidia in terminal clusters from growth on rice grains. 
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long pointed ends, and still others were irregularly swollen and 
distorted (fig. 2b). 

C. Growth on enriched media 

Growth was stimulated by both yeast extract and liver extract, 
the amount of aerial mycelium produced depending upon the strain 
as well as on the quantity of extract available. On Sabouraud’s 
deu-vtrose medium to which had been added 0.1 per cent of either 
extract, all strains grew rapidly, producing thick, compact colonies 
with a heavy, white, powdery, or occasionally white, fluffy, surface 
growth. Microconidia were numerous, and macroconidia appeared 
in some strains. 

The stimulatory effects of Bacto-tryptose, beef heart infusion, 
and citrated human blood were studied in view of the fact that in 
the isolation work, blood agar plates had been used and found to 
be superior to Sabouraud's dextrose or maltose agar (6). It was 
thought at first that the whole blood in this medium was the stimu¬ 
lating factor. However, no difference was detectable in the amounts 
of growth on Blood Agar Base with and without the addition of 
whole blood. Both Bacto-tryptose and beef heart infusion were 
found to produce a stimulating effect when added to Sabouraud's 
dextrose agar in amounts comparable to those found in the Blood 
Agar Base. Trypticase, an enzymatic hydrolysate of casein (Balti¬ 
more Biological Co.), was studied also in an effort to find a prac¬ 
tical, easily reproducible medium for routine isolation of and spore 
production by these strains. A one per cent trypticase-dextrose- 
thiamine agar was found to be satisfactory. On this medium there 
developed rapidly growing colonies with a white, powdery, surface 
growth or with a short, erect, white, aerial down bearing numerous 
microconidia and, in some strains, macroconidia (figs, d, e, & f). 

The following media are recommended for isolation and produc¬ 
tion of rapidly growing, sporulating cultures of 7\ faviforme: 

1. Heart infusion-tryptose-thiamine Agar 


Beef heart, infusion fropi 

500 g. 

Bacto-tryptose 

10 g. 

Sodium chloride 

5;g. 

Bacto-agar 

IS g. 

Thiamine hydrochloride 

10 mg. 

Dist. water 

1000 ml. 
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The ingredients are dissolved in the water, the pH adjusted to 
6.8, and the medium autoclaved at 121° C. for 10 minutes. 

This medium is similar to Difco Blood Agar Base, except for 
the thiamine. It may be prepared by adding thiamine to the 
dehydrated product. 


2. Trypticase-dextrose-thiamine agar 

Trypticase (Baltimore Biol. Co.) 10 g. 

Dextrose 40 g. 

Thiamine hydrochloride 10 mg. 

Agar 20 g. 

Dist. water 1000 ml. 


The ingredients are dissolved in the water, the pH adjusted to 
6.8, and the medium autoclaved at 121° C. for 10 min. 

Since both of the above media will support bacterial growth, it 
is recommended that penicillin, 20 units per ml., and streptomycin, 
40 units per ml., be added to the melted, partially cooled agar before 
pouring into tubes or plates. 

F.or primary isolation, all tubes should be incubated at 37° C. 
When satisfactory growth is obtained, subcultures may be made to 
Sabouraud’s dextrose agar and the cultures grown at room tem¬ 
perature in order to obtain the characteristic slow-growing, gla¬ 
brous colonies usually described for this species. 

Part II, Studies of the Vitamin Requirements of T, faviforme 

The increased growth and spore production of T, faviforme on 
natural media suggested that these substances are rich in growth 
factors which may be required by this fungus for its optimal devel¬ 
opment. The stimulating effect of thiamine added to routine 
media has been discussed above. Recent studies using synthetic, 
chemically defined media have shown, in fact, that aome strains of 
T, faviforme do require certain of the vitamins, and are stimulated 
by other growth factors present in natural products. 

Schopfer and Blumer (10), in their studies of the growth re¬ 
quirements of an organism which they had isolated and classified 
as T, album, have shown that this strain, although able to grow 
to some extent on a basal medium without the addition of any 
vitamin, produced a more rapid growth ^vhen biotin was added. 
This was especially true when a nitrogen source such as ammonium 
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citrate was used in place of asparagine. They also demonstrated 
that, in an unbuffered asparagine medium, thiamine, i-inositol, and 
pyridoxine clearly furthered development. 

Robbins, Mackinnon, and Ma (11) studied a Uruguayan strain 
of T. discoides (Mackinnon No. 688) and demonstrated that it 
required pyridoxine, i-inositol, and molecular thiamine for growth 
on a basal medium with asparagine as a nitrogen source. Devel¬ 
opment of this strain was further stimulated by other factors 
present in complex products such as peptone, casein hydrolysate, 
hydrolyzed egg albumin, malt extract, gelatine, and a filtrate from 
white potatoes. 

Burkholder and Moyer (12) have shown that a strain which 
they designated as T. faviforme required only two vitamins, thia¬ 
mine and inositol. They obtained further stimulation by the addi¬ 
tion of liver and peptone to their media. 

Mackinnon and Artagaveytia-Allende (13) recently compared 
the vitamin requirements of seven Uruguayan strains. Of these, 
four required i-inositol, one thiamine, one i-inositol and thiamine, 
and the seventh (No. 688), previously studied and reported (11), 
required i-inositol, thiamine, and pyridoxine. It was shown that 
the vitamin requirements depended on the individual strain, and 
were not related to any particular colonial form. 

A. Growth on basal agar with vitamin additions 

A study was made to determine the vitamin requirements of 
twenty recently isolated strains of T. faviforme (including all three 
colony forms: varieties album, discoides and ochraceum) as well as 
of four stock strains: T, album (Baudet and Stuhmer), T. dis~ 
coides (Papegaay), T, ochraceum (Boedijn), obtained from the 
Central Bureau for Fungus Cultures, Holland, and T. discoides 
(No. 688), kindly sent from Uruguay by Dr. Juan E. Mackinnon. 

A basal agar was made as follows: 2^gr asparagine (recrystal¬ 
lized 3 times from alcohol), 50 g. dextrose, and 0.1 g. MgS 04 ’ 
7 H 2 O dissolved in 1000 ml. Sorenson^s phosphate mixture at pH 7 
(M/IS KH 2 PO 4 and M/15 NaaHP 04 ). To this was added 1.5 
per cent agar (purified according to the mtthod described by 
Robbins, 14), and the medium was then autibclaved for 10 min. at 
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121° C. Seitz-filtered vitamin solutions were prepared at the 
beginning of each experiment, and equal volumes containing vita¬ 
mins in varying concentrations and combinations were added to 
tubes containing 10 ml. of the melted and partially cooled agar. 
The tubes were then rotated and slanted. 

Washed inoculum was obtained from growth in heart infusion 
broth. It was necessary to wash the mycelium five times before 
the wash water was free of thiamine. (This was determined by 
testing the filtrate for ability to support the growth of washed 
spores of Phycomyces Blakesleeanus, which will grow in the pres¬ 
ence of minute traces of thiamine.) A small fragment of washed 
inoculum was placed on the slanted surface of the basal agar with 
and without the various vitamins tested. All cultures were grown 
at room temperature for 10 weeks. 

The growth studies indicated that: 1. Twenty-one of the strains 
(twenty recently isolated strains as well as T. disc aides (Pape- 
gaay)) required i-inositol and molecular thiamine; 2. One strain 
T. disc aides (No. 688) required pyridoxine in addition to i- 
inositol and thiamine; and 3. Two strains, T. album (Baudet and 
Stuhmer) and T. achraceum (Boedijn), had no essential vitamin 
requirements and were not stimulated by additions of vitamins to 
the basal agar. 

For the twenty-one strains which required both inositol and 
thiamine, inositol when tested alone showed some slight effect. 
No effect was observed in tubes containing less than 10 /xg. inositol 
per ml. but with quantities between 10 and 100 fig, per ml. the 
mycelium developed to a radius of 2 to 10 mm. from the point of 
inoculation. This was a thick, fern-like subsurface growth. Fur¬ 
ther increments of inositol did not increase the amount of growth. 
100 fig, inositol per ml. was therefore considered the maximum 
effective dosage of this vitamin in an asparagine basal agar. Thia¬ 
mine showed no effect when tested alone at a concentration of 5 fig. 
per ml. nor even when increased to 500 fig, per ml. However, in 
the presence of 100 fig, of inositol per ml., 5 fig, of thiamine per¬ 
mitted rapid development of the cultures. The colonies were 
heaped and frequently folded, with either considerable white surface 
powder or velvety aerial mycelium. Further increments of thia- 
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mine did not increase growth. Five /ig. of thiamine per ml. was 
considered the maximum effective dosage of this vitamin in the 
asparagine basal agar in the presence of 100 fig. of inositol. None 
of the other vitamins tested (calcium pantothenate 100 fig. per ml., 
riboflavin 100 fig. per ml., para-aminobenzoic acid 100 fig. per ml., 
nicotinamide 100 fig. per ml., biotin 0.05 fig. per ml., choline chlo¬ 
ride 100 fig. per ml., and folic acid 100 fig. per ml.) showed any 
effect when tested singly or in all possible combinations, or when 
added with the maximum effective doses of inositol and thiamine 
(fig. 5a). 

The finding that T. discoides (No. 688) requires pyridoxine in 
addition to inositol and thiamine is in accord with the report of 
Robbins, Mackinnon and Ma (11) who also had studied this 
strain. Inositol showed some slight effect when tested alone in 
amounts over 10 fig. per ml., but neither thiamine nor pyridoxine 
showed any effect except in the presence of the other two essential 
vitamins. In the presence of the maximum effective doses of inosi- 
tol and thiamine, 5 fig, of pyridoxine per nil: produced rapid 
growth of this strain. Five fig, per ml. was considered the n^axi- 
mum effective dosage of this vitamin in the asparagine basal agar. 
None of the Other vitamins tested showed any stimulating effect 
(fig. 5b). 

In contrast to all of the other isolates two strains, T. album 
(Baudet and Stuhmer) and T. ochraceum (Boedi}n), were found 
to have no essential vitamin requirements and grew well on the 
basal agar. No stimulation was observed following the addition 
of inositol, thiamine, pyridoxine, or any of the other vitamins 
tested. 

For all of these strains, basal agar alone, or basal agar with the 
maximum effective quantities of required vitamins, was not suffi¬ 
cient to produce growth comparable to that obtained on certain 
natural media. Bacto-neopeptone, beef heart infusion, Bacto- 
tryptose, yeast extract and liver extract not only replaced the 
essential vitamins, where these were required, but in all cases 
produced a heavier and more rapid growth. This suggests that 
there are other important nutritional factors present in natural 
substances which stimulate the growth of this fungus. 

Substitution of NH4CI, 2 g. per liter, or an acid-hydrolyzed 
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casein,’*' 1 g. per liter, for the asparagine of the basal agar did not 
change the vitamin requirements of any of the strains, but growth 
with NH 4 CI was considerably less than with asparagine or casein 
hydrolysate. 

It was found that neither pyrimidine, as 2-methyl-5-ethoxy- 
methyl- 6 -aminopyrimidine; or thiazole, as 2 -amino-thiazole; or an 
equimolar combination of these two, could substitute for molecular 
thiamine for any of the strains studied. It was found also that 
oxalacetate could not be substituted for molecular thiamine (fig. 
5c). 

B, Characteristics of the growth on basal agar with vitamin addi¬ 
tions 

The twenty-one strains which required inositol and thiamine 
produced vigorously growing colonies on the asparagine basal agar 
to which maximum effective amounts of these two vitamins had 
been added. The colonies were compact and generally covered 
with a thick, white, velvety to fluffy surface growth. In some 
instances a yellow pigment developed in this surface growth as 
the culture aged. The mycelium appeared to be more regular 
and better developed than the poorly formed, irregular, twisted 
mycelium observed in the glabrous colonies on Sabouraud’s dex¬ 
trose agar, and the number of chlamydospores was greatly reduced. 
All these strains developed microconidia, and in some these were 
very abundant (fig. 6 a). On the whole, they were more numerous 
than on the rice grains, on which medium these structures have 
been described in detail above. Macroconidia were produced, usu¬ 
ally in small quantities, by all of these strains on the inositol- 
thiamine-enriched basal agar. They were characteristically irregu¬ 
lar in size and shape, and appeared similar to the macroconidia 
described on rice grains. . One strain produced abundant macro¬ 
conidia which were long and slender wit^^tapering ends (fig. 6 b). 

When 2 g. of NH 4 CI per liter was substituted for asparagine 
in the vitamin-enriched basal agar, ;the character of the growth 
and the number of spores produced were not altered appreciably. 
However, best growth and spore producti 5 )n ^ere obtained when 
casein hydrolysate was employed as the tfltro^n source. 

♦ **Vitainin-frcc" casein. General Biochemicals, Inc,, Chagrin Falls, O. 
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C. Quantitative studies in asparagine basal broth with vitamin 
additions 

Several strains were employed to determine the amount of 
growth which could be produced in a liquid synthetic medium with 
additions of the required vitamins, alone and in combinations; as 
compared with that obtainable in a natural medium, Difco Heart 
Infusion Broth. *A basal broth was prepared similar to the aspara¬ 
gine basal medium described above except for the absence of agar. 
Fifty ml. amounts of broth were placed in 150 ml. Erlenmeyer 
flasks, and freshly prepared vitamin solutions were added in 
amounts determined from studies on asparagine basal agar: ino¬ 
sitol 100 fig. per ml., thiamine 5 /tig. per ml., and pyridoxine 5 /ig. 
per ml. Strains No. 1, No. 5, No. 17, No. 18, and No. 19 were 
chosen as test organisms. Strains No. 1 and No. 5 were recently 
isolated cultures both of which had shown requirements for inositol 
and thiamine. Strain No. 17 (T. discoides (Papegaay)) also re¬ 
quired inositol and thiamine. Strain No. 18 (No. 688, Mackinnon) 
required inositol, thiamine, and pyridoxine, and strain No. 19 (T. 
dlbxim, Baudet and Stuhmer) had no essential vitamin require¬ 
ments. The flasks were inoculated with' tiny shreds of washed 
mycelium. The cultures were incubated at room temperature and 
shaken at intervals to maintain a uniform, submerged type of 
growth. A series of flasks containing 50 ml. of heart infusion 
broth with and without added vitamins was treated similarly. 
After ten weeks, the entire contents of the flasks were filtered 
through sintered glass cups and the retained mycelium washed and 
then dried for 2 hours at 110® C. The weight of the mycelium 
was then determined. 

Growth of the vitamin-requiring strains corresponded well with 
that obtained on the basal agar slants in the previous experiment. 
The strains which had shtown growth with inositol and thiamine 
showed even more clearly here that the»e vitamins were required, 
and that the addition of any of the other vitamins tested had no 
effect on the amount of growth. The weight of mycelium pro¬ 
duced with inositol alone, never more than 2 mg., corresponded to 
the small amount of subsurface growth >^ich had been observed 
on the basal slants with this vitamin. For all .strains, approxi- 
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mately twice as much growth was produced in the heart infusion 
broth as in the basal broth with added vitamins. However, even 
more growth was obtained when the same doses of the required 
vitamins were added to the heart infusion broth. This indicated 
that the heart infusion broth did not contain the required vitamins 
in sufficient amounts to produce maximum growth in this medium. 
Table 1 gives a summary of the results of these tests. 

Titrations were made in the asparagine basal broth to determine 
the minimum concentrations of the essential vitamins that would 
stimulate the growth of these several strains of T. javiforme. 

Asparagine basal broth, prepared as described above, was placed 
in 10 ml. amounts in test tubes (ISO X 19 mm.) and sterilized by 
autoclaving. Ten ml. of the vitamin to be tested was added asepti- 
cally to one of these tubes and diluted serially through 30 tubes, 
the amount of vitamin being halved by each transfer. The follow¬ 
ing titrations were carried out for each strain: 1. Titration with 
inositol alone; 2. Titration of inositol in the presence of thiamine 
(50 fig. thiamine being added to each tube at the completion of 
the dilution process) ; 3. Titration of thiamine in the presence of 
inositol (1000 /ig. of inositol being added to each tube at the com¬ 
pletion of the dilution process); and 4. Titration of pyridoxine in 
the presence of both inositol and thiamine. Control tubes con¬ 
tained asparagine broth, or the basal broth with each vitamin 
singly and in all combinations in maximum effective amounts. All 
tubes were brought to equal volume with sterile distilled water. 
Inoculations were made with fragments of washed mycelium and 
the cultures were allowed to grow at room temperature for 6 weeks. 

Titration 1 indicated that for strains No. 1, No. 5, and No. 18, 
inositol showed some slight effect alone. The amount of growth 
was very small and appeared to be the same in all tubes showing 
growth. The minimal effective concentration ranged from 12.2 to 
97.5 fig, per 10 ml. of asparagine broth, depending on the strain. 
Titration 2 showed, for strains No. 1 and No. 5, that in the pres¬ 
ence of adequate quantities of thiamine the amount of growth was 
greatly increased, and tubes bearing the same dilutions of inositol 
which alone had produced only a small submerged fluffy ball of 
mycelium, were now filled with growth. Growth fell off sharply 
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* Average of 4 weighings—dried mycelium from 4 flasks. 

Aver^ of 6 weighings—dried mycelium from 6 flasks. 

“Vitamin mixture”: (^g. per ml.), pantothenate 100, riboflavin 100, biotin 0.05, nicotinamide 100, para-aminobenzoic acid 100, 
choline 100, and folic acid 100. 
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at the same dilutions of inositol as in the first titration. Titration 
3 showed, for strains No. 1 and No. 5, that in the presence of 
adequate amounts of inositol the amount of growth is proportional 
to the amount of thiamine present with maximum growth occur¬ 
ring in tubes containing 0.2 fig. thiamine. It was noted that large 
amounts of thiamine—up to 5.0 mg.—had no inhibitory effect. 
The lower end point of the effect of thiamine occurred in concen¬ 
trations of 0.02 and 0.04 /mg. thiamine per 10 ml. asparagine broth. 
Beyond these there occurred only a small amount of growth, which 
could be accounted for by the inositol present. Titration 4 indi¬ 
cated, for strain No. 18, that in the presence of adequate amounts 

TABLE 2 

Smallest Amounts of the Essential Vitamins Which Will 
Stimulate the Growth of Several Strains of T. faviforme 
in 10 ML. OF Asparagine Basal Broth 


Strain 

Inositol 

Thiamine 
(in the presence of 
1000 Mg. inositol) 

Pyridoxine 
(in the presence of 
1000 MS- Inositol, and 
.SO MS* thiamine) 

No. 1 (album vari¬ 
ety) Penna. 

97.5 

0.02 

MS* 

No effect 

No. 5 (discoides vari¬ 
ety) Penna. 

12.2 

0.04 

No effect 

No. 18 T. discoides 
Mackinnon Uru¬ 
guay 

48.0 

No effect 

0.02 

No. 19 r. album 
(Baudet-Stuh mer) 
Holland 1 

No effert 

No effect 

No effect 


of both inositol and thiamine, pyridoxine was effective in concen¬ 
trations as low as 0.02 /mg, per 10 ml. asparagine broth. Strain No. 
19, which had shown no vitamin requirements in previous studies, 
grew equally well in control tubes containing basal broth and in 
tubes containing the vitamins (Table 2). 

SUMMARY 

1. As a result of cultural studies employing single spore strains 
of recently isolated, large-spored, ectothrix trichophytons of animal 
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origin, it is apparent that Trichophyton album, T, discoides, and 
T, ochraceum are variants of a single species. It is proposedjthat 
they be classified as T. javijorme (var. album, discoides, and 
ochraceum). 

2. Growth of these strains is very slow and poor on Sabouraud's 
dextrose agar, and the small, glabrous colonies produced are com¬ 
posed of masses, of poorly formed mycelium and numerous chlamy- 
dospores. Special enriched media are described which allow rapid 
development of these forms with the production of heavy, folded 
colonies with considerable powdery or downy white surface growth. 
On such media the mycelium is more regular in form and bears 
fewer chlamydospores. The aerial growth produces large numbers 
of microconidia, and, in most strains, macroconidia were also 
found. It would seem that the morphological characteristics usu¬ 
ally described for this species on Sabouraud’s dextrose agar are 
the results of inadequate nutrition. 

3. Vitamin-free, asparagine basal media were used in studies 
of the vitamin requirements of freshly isolated strains as well as 
of stock strains of T. javiforme. Twenty-one recently isolated 
strains were shown to require i-inositol and molecular thiamine. 
One stock strain, T, discoides (Papegaay), had similar require¬ 
ments, while two others, T. album (Baudet and Stuhnier) and 
T: ochraceum (Boedijn), were autotrophic for the vitamins. T, 
discoides (No. ^88 Mackinnon), reported to require i-inositol, 
molecular thiamine, and pyridoxine by Robljins, Mackinnon, and 
Ma (11), was compared with these strains. 

4. Rapid growth with characteristic spores was obtained on syn¬ 

thetic media to which had been added adequate amounts of the 
required vitamins. The amount of growth, however, was much 
less than that produced on a natural medium. The minimal effec¬ 
tive quantities of the vitaipnins were determined by serial dilution 
methods. ,, 

5. Recent reports (6,15,16) indicate that T, javijorme is not an 
uncommon agent of ringworm in this country. It is prevalent 
particularly in cattle raising areas, and human infections can usu¬ 
ally be traced to contacts with infected cattle. 

6. In view of the fact that T. javijor^ has requirements for 
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optimal growth which are not supplied by the usual cultural pro¬ 
cedures and media, it is recommended that special vitamin-enriched 
media with added antibiotics, and incubation at 37° C., be used for 
attempted isolation of this fungus. 

The author wishes to express her gratitude to Dr. Rhoda W. 
Benham of the Department of Dermatology, Columbia University, 
College of Physicians and Surgeons, for advice and assistance in 
this work. 
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ILLUSTRATIONS 

Fig. 5. a, T. faviforme (strain No. 11) which requires inositol and thia¬ 
mine. Addition of pyridoxine or mixture of other vitamins does not change 
amount of growth; 6, T. discoides (No. 688 Mackinnon) which requires 
pyridoxine in addition to thiamine and inositol; c, T. faviforme (strain No. 
8) requires inositol and thiamine. The molecular thiamine cannot be re¬ 
placed by thiazole, pyrimidine, a combination of these or oxalacetate. 

Fig. 6. o, 7\ faviforme (strain No. 5) on basal agar with inositol and 
thiamine. Note large numbers of microconidia; b, T. faviforme (strain No. 
8) on basal agar with inositol and thiamine. Note large numbers of 
macroconidia 



THE NUTRITIONAL REQUIREMENTS OF 
EREMOTHECIUM ASHBYII GUILL * 

Eugene L. Dulaney and F. H. Grutter 

In his descriptions of Ercmothecium ashbyii, Giiilliermond (1,2) 
v^ted the production of large quantities of a pigment that colored 
the mycelium yellow and diffused into the culture medium. Within 
the cells, crystals of the yellow pigment were found in the vacuoles. 
In another publication, Guilliermond, Fontaine and Raffy (3) 
classified this pigment as a flavin and commented on its similarity 
to riboflavin. This flavin was later extracted and crystallized by 
Raffy and Mirimanoff (4, 5). 

Although £. ashbyii has attained some industrial importance as 
a source of riboflavin, there have been few publications concerning 
the physiology of this species. One such paper is that of Schopfer 
(6) and it is this publication that we would like to refer to at this 
time. 

Schopfer found that £. ashbyii would grow in natural media 
but not in a synthetic medium containing glucose 1%, glycine or 
asparagine 0.1%, magnesium sulfate 0.05% and acid potassium 
phosphate 0.15%. When various peptones were added singly to 
this medium, growth and riboflavin production occurred. The re¬ 
sponse varied with the peptone, and treatment of peptone with 
norite yielded a filtrate that did not stimulate growth when added 
to the synthetic medium noted above. When the norite-treated 
peptone plus biotin was added to the medium containing glucose and 
glycine, growth and riboflavin production occurred. In addition, 
vitamin Bi and i-inositol were found to be complementary factors 
in that they intensified the effect of the biotin in this medium; 
however, they were not essential as was the biotin. It should be 
emphasized that no growth occurred in the synthetic medium sup¬ 
plemented only with the three vitamins or with the norite-treated 

♦Contribution from the Research Laboratories of Merck & Co., Inc., 
Rahway, N. J. 
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peptone. In order to obtain growth, it was necessary to add both 
the norite-treated peptone and the vitamins, at least biotin, to 
the medium. 

Recently we have been investigating the nutritional requirements 
of E, ashbyii and in particular its vitamin requirements. Although 
the experimental conditions used by us are not strictly the same 
as those used by Schopfer (6), it appears desirable to present 
some of our results at this time. 

MATERIALS AND METHODS 

We have used-a basal medium containing glucose 1.0%, acid hy¬ 
drolyzed casein 1.0%, K2HPO4, 0.2%, MgS04‘7H20 0.1%, NaCl 
0.02%, CaCla 0.02%, FeS04-7H20 0.0005%, ZnS04-7H20 
0.0005% and distilled water to volume. The casein used was 
the commercial product Labco sold by the Borden Co. as being 
vitamin-free. Before use it was acid hydrolyzed, neutralized with 
barium hydroxide and treated twice with norite. This basal 
medium was dispensed in 25 ml. amounts in 125 ml. Erlen- 
meyer flasks. All glassware used in these experiments was 
acid cleaned and thoroughly rinsed in distilled water. To 
this basal medium, biotin (0.04 /xg./ml.), vitamin Bj (0.1 fig./ 
ml.) and i-inositol (0.2 mg./ml.) were added singly and in all 
possible combinations. The flasks were capped with heavy alumi¬ 
num foil and sterilized by autoclaving at 15 lbs. pressure for 17 
minutes. Sterile cotton plugs were used to replace the aluminum 
foil caps after autoclaving. 

Two cultures of E, ashbyii were, used in some of these experi¬ 
ments. One of these was obtained directly from Guilliermond and 
the other came from the Centraalbureau voor Schimmelcultures at 
Baarn. Schopfer notes in his 1944 publication that the culture 
used in his experiments dime from Baarn. The 1943 Baarn cata¬ 
logue lists only one culture of £. ashbyii and this is the culture 
included in some of our experiments. Both of these cultures have 
been in the Merck culture collection for several years. It should 
be emphasized, however, that there iiS no certainty that we have 
used the same strain of £. ashbyii that S<;|:iop{er used. 

The inoculum for these experiments was grown in 25 ml. 
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amounts of yeast-extract glucose broth in 125 ml. Erlenmeyer 
flasks. After 48 hours growth on a rotary shaker, the mycelium 
was centrifuged and washed four times with sterile distilled water, 
then made up to one half the original volume with sterile distilled 
water. Three drops of this suspension were used to inoculate each 
flask. The incubation temperature for all experiments was 28° C. 
All flasks were incubated on rotary shakers moving at 220 rpm 
and describing a horizontal circle one and one half inches in diam¬ 
eter. In addition, replicate flasks of the treatments concerning the 
effects of vitamins were incubated statically. 

The riboflavin content of the metabolism solutions was deter¬ 
mined fluorometrically. 

Three replicate flasks were used for each treatment and the 
experiments have been repeated several times. 


results and discussion 

Comparable results have been obtained in experiments incubated 
statically and on rotary shakers. The results of a representative 
experiment concerning the effects of adding biotin, f-inositol and 
vitamin Ri to the basal medium, singly and in coml)ination, are 
shown in table I. The culture of E. ashbyii used in this experi¬ 
ment was the one obtained from Guilliermond. The flasks were 
incubated on a shaker. 

TABLE I 

The Effect on Riboflavin Production of Adding Biotin, 
Vitamin Bi, and ^-Inositol, Singly and in Combination, 

TO THE Fermentation Medium 


Treatment 

Riboflavin broth i)Otency 
MK'/ml. after 

Dry wt. 
mg./ml. 


3 

5 

7 days 

after 7 days 

Basal medium 

5 


8 


B.M. plus biotin 

5 


6 


B.M. plus vitamin Bf 

9 


11 

5.3 

B.M. plus t-inositol 

40 


97 

B.M. plus biotin and vitamin Bi 

7 




B.M. plus biotin and t-inositol 

61 


86 

4.2 

B.M. plus vitamin Bi and «-inosi- 
tol 

46 

79 

lOS 

3.2 

B.M. plus biotin, vitamin Bi and 
t-inositol 

73 

69 

82 

4.3 
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Growth in the basal medium was very sparse when measured 
visually. There may have been some slight cell proliferation but 
it was so small that dry weight measurements were not made. 
In addition, biotin and vitamin Bi, when added singly or in com¬ 
bination to the basal medium, did not increase the amount of 
growth or riboflavin production over that obtained in the basal 
medium. In these treatments, growth, if it occurred, was so slight 
that it was not measured. There was, however, some riboflavin 
production in these treatments. A level of approximately 7 jug./ 
ml.-lO )Lig./ml. was reached by the third day after which there was 
little increase. It may be noted that the dry weight of cells added 
to each flask as inoculum was approximately 1.5 mg. Apparently 
some stimulatory substances and possible intermediates in the bio¬ 
synthesis of riboflavin were carried over with the inoculum in 
amounts sufficient to allow some cell proliferation as well as chemi¬ 
cal transformation to riboflavin. When the small amount of my¬ 
celium in the flasks showing slight growth and low riboflavin levels 
was removed aseptically by centrifugation, washed with sterile dis¬ 
tilled water and used to inoculate other flasks containing media 
with the same vitamin supplements, no observable growth or ribo¬ 
flavin production occurred. 

Growth and riboflavin production, however, were obtained in the 
basal medium supplemented with i-inositol alone or in the media 
supplemented with any combination of vitamins that included f- 
inositol. The addition of biotin and vitamin Bf to the basal medium 
containing i-inositol did not result in an increase in the maximum 
riboflavin level over that obtained in the basal medium containing 
i-inositol alone. There was, however, an apparent earlier increase 
in riboflavin level than occurred in the Imsal medium supplemented 
only with »-inositol. 

In all of the treatments in which growth occurred the experi¬ 
ment was carried through three passages. Comparable results were 
obtained with the Baarn culture of E, dshbyii. 

These results indicate that £. ashhyii has an absolute require¬ 
ment for t-inositol. They do not, however, indicate an absolute 
requirement for biotin or vitamin Bi. The^^[would seem to be a 
possibility that the hydrolyzed casein contatt^ low levels of biotin 
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even after the treatments given it. However, no biotin could be 
demonstrated by microbiological assay using an organism having a 
requirement for biotin. By the same method, vitamin Bi could not 
be detected in the hydrolyzed casein. In addition, when l ( —) 
proline, dl glutamic acid and l ( + ) arginine were substituted 
singly for the hydrolyzed casein in the basal medium, good growth 
and riboflavin production occurred if only i-inositol was used as 
a supplement. It is possible that the natural amino acids such as l 
( —) proline and l ( + ) arginine could be contaminated with biotin. 
The DL glutamic acid, however, was produced by organic synthesis 
and there is very little likelihood of its’ l)eing contaminated with 
vitamins. 

An observation may be made about the failure of Schopfer to 
obtain growth in his synthetic medium to which biotin, vitamin Bi 
and i-inositol were added. This medium contained only glycine as 
a source of nitrogen. The two cultures of E. ashbyii used in our 
experiments will not use glycine as a sole source of nitrogen. It 
may be that the norite-treated peptone that had to be added to this 
medium containing these three vitamins in order to obtain growth 
was merely supplying an available source of nitrogen. When we 
substituted l ( —) proline, l (-1-) arginine or nr. glutamic acid for 
the glycine in Schopfer’s synthetic medium, though at a higher 
level than 0.1^, growth and riboflavin production readily occurred 
if only f-inositol was added. No other absolute growth require¬ 
ment could be demonstrated. 

In all of the above experiments, the level of riboflavin produced 
is much lower than that obtained in more complex organic produc¬ 
tion media. These low levels of riboflavin are due, in part, to the 
low concentrations of carbon and nitrogen employed in these de¬ 
fined media. It may well be, however, that as yet unidentified 
factors exist that stimulate production of riboflavin by E. ashbyii. 
The following compounds, however, when added singly to the basal 
medium plus t-inositol did not induce any increase in riboflavin 
production: glutamine 5.0 ^./ml., pantothenic acid 1.0 ftg./ml., 
vitamin B,.. 0.001 /ig./ml., nicotinic acid 10.0 /ig./ml., pyridoxine 
10.0 /Ag./ml., choline 5.0 ,/Ag,/ml., para aminobenzoic acid 1.0 /ig./ 
mi. and folic acid 0.1 /ig./ml. 
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A NEW SPECIES OF GELASINOSPORA ‘ " 

Const. J. Alexopoulos and Sun Huang Sung 
(with 6 figures) 

INTRODUCTION 

The genus Gelasinospora, closely related to Sordaria and Neuro- 
spora, was erected by Dowding (1) in 1933 to include two species 
of Pyrenomycetes with dark, pitted ascospores, Gelasinospora 
ccrealis, and Gelasinospora tetrasperma, described by her at that 
time. A third species, Gelasinospora autosteira, found growing on 
Spanish moss in Natchez, Mississippi, in March 1949, is now 
added. 

Gelasinospora autosteira differs from Gelasinospora tetrasperma 
in that its asci are normally octosporous, from Gelasinospora cere- 
alis in its somewhat larger perithecia and in the smaller size of its 
ascospores, and is unlike both species in that it is composed of two 
strains, self-sterile and inter-fertile, designated A and B. 

SPECIES DIAGNOSIS 

Gelasinospora autosteira spec. nov. 

Mycelium ramosius, hyphae 3-14.6/^ diam.; perithecia superficialia, sub- 
globosa, membranacea, 0.42-0.61 mm. diam., 0.65-0.71 mm. alta, atra, glabra, 
rostro cylindrico et prominente; asci octospori, aparaphysati, cylindrici, 14.1- 
18.3 M X 218.6-244 ascospori primo hyalini, deinde fusco-brunnei vel atri, 
opaci, faveolati, 10.6-14.1 X 16.7-26.5 binucleati; conidia et spermatia 
incognita. 

Thalli auto-incompatibiles; species consistens ex duabus lineis designatis 
A et B. 

Melrose Estate, Natchez, Mississippi, U. S. A., 20 Martii, 1949. 

Hab. in caulibus Tillandsiae usneoidous. 

Mycelium profusely branched, hyphae 3-14.6 ^ diam.; perithecia 
superficial, pyriform, membranous, 0.42-0.61 mm. diam., 0.65- 

1 Contribution No. 50-3 from the Department of Botany and Plant Pathol¬ 
ogy, Michigan State College. 

2 This investigation was supported by a grant from the All-College Re¬ 
search Committee of Michigan State College. 
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0.71 mm. tall, black, glabrous; beak prominent, cylindric, charac¬ 
teristically bent or hooked at the tip; asci normally octosporous, 
cylindric, persistent, 14.1-18.3/1 X 218.6-244/i; ascal walls thick¬ 
ened at the apex around a central canal which terminates in a round 
pore; paraphyses lacking; ascospores oval, hyaline and transparent 
when young, changing to yellow and finally to very dark brown or 
black, opaque, 10.6-14.1/1 X 16.7-26.5/1, binucleate at maturity; 
characteristic pits on ascospore walls best visible just before ma¬ 
turity of ascospores has been attained; conidia and spermatia 
unknown. 

Thalli self-incompatible, species consisting of two inter-fertile 
strains designated A and B. 

Collected at Melrose Estate, Natchez, Mississippi, U. S. A., on 
March 20, 1949, and developed to maturity in moist chamber. 

On stems of Tillandsia usneoides. Specific epithet autosteira 
(auto = self -f steira = fern., sterile) refers to the self sterility of 
thalli derived from the growth of single ascospores. 

Portions of the type specimen deposited in the herbarium of 
Michigan State College, the New York Botanical Garden, and the 
British Museum, 

Cultures of A and B strains deposited with the American Type 
Culture Collection, Washington, D. C., the Centraalbureau voor 
Schimmelcultures, Baarn, Holland, and the Commonwealth Myco- 
logical Institute, Kew, Surrey, England. 

MATERIALS AND METHODS 

The fungus was first isolated in early April 1949 from a speci¬ 
men of Tillandsia usneoides collected three weeks earlier at Natchez, 
Mississippi, while the senior author was visiting the southern 
United States. The Tillandsia specimen was collected and placed 
in a large phial in the hope that Myxomycete fructifications might 
develop thereon in a moist chamber. Instead, perithecia of a Pyre- 
nomycete (fig. 5), clearly belonging ta the genuS Gelasinospora, 
were observecf when the specimen was examined upon return to 
East Lansing. ^ 

The observations reported below are based on cultures derived 
from single ascospore isolations. The isolations were made with 
the aid of fine, glass needles which were used i:o isolate ascospores 
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under the dissecting microscope at 36 or 72 magnifications. For 
serial isolations from a single ascus, the ascus was isolated on a 
sterile slide, transferred to corn meal agar in a Petri dish, and the 
ascospores pushed out in series. They were then transferred to 
separate Petri dishes and allowed to form colonies from which 
transfers were made to agar slants for stock cultures. 

Three series of isolations were made. Series G~l, 2, 3, and 4 
consisted of four monosporous isolates obtained from random iso¬ 
lations of ascospores which had been ejected from the perithecia 
in the moist chamber and had fallen on the filter paper on which 
the material was resting. From a number of ascospores placed on 
corn meal agar, only four germinated yielding the above series. 
Series GOa~l, 2, 3, 5, 6, 7, and 8 was obtained when eight asco¬ 
spores were isolated in series from a single ascus on corn meal agar 
and heated at 60° C. for thirty minutes. All but No. 4 germinated 
and yielded stock cultures. Series Gt-1, 2, 3 and 4 was obtained 
from an ascus that contained only four ascospores near the upper 
portion. Although ordinarily tetrasporous asci also contain the 
remnants of the four aborted spores, in this one no aborted spores 
were evident. It is possible that four ascospores had escaped 
leaving the other four still in the ascus. All four of these asco¬ 
spores germinated after thirty minutes in the drying oven at 60° C. 

Difco corn meal agar alone or with 2% Difco malt extract added 
was used for the experiments reported below. 

For comparison with Gelasinospora cerealis, the other octo- 
sporous species in this genus, a culture (Winnipeg isolation) ob¬ 
tained through the kindness of Dr. E. Silver Keeping was employed. 

For staining ascospore nuclei, the propiono-carmine smear 
method, as described to the senior author by Dr. L. S. Olive and 
modified by the junior author, was used. The method consists, 
briefly, in fixing a block of agar bearing perithecia in a mixture 
of 3 parts absolute alcohol and 1 part propionic acid over night, 
transferring to 4% iron alum for' ten minutes, washing with run¬ 
ning water for about 4 hours, and crushing the perithecia on clean 
slides in propiono-garmine prepared in accordance with the direc¬ 
tions given by Sass (5) for aceto-carmine, but substituting propi¬ 
onic acid for acetic acid. After the cover slip was in place, the 
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mount was heated over a flame several times, sealed with glycerine 
jelly, and stored at room temperature for a few days, until the 
nuclei were well stained. 

ASCOSPORE GERMINATION 

The ability of the ascospores of Gelasinospora autosteira to ger¬ 
minate is apparently an inherited characteristic as it has been 
shown to be for Neurospora by Lindegren (4). Some ascospores 
will germinate much more readily than others and some will re¬ 
spond to heat treatment better than others. It appears also that 
the ascospores resulting from certain crosses germinate more easily 
than those from other crosses. These phases of the problem, how¬ 
ever, have not been systematically investigated. 

Dowding (1) reports 26% germination of unheated spores of 
Gelasinospora cerealis and Gelasinospora tetrasperma. Only 9% 
germination was obtained with Gelasinospora autosteira when 100 
untreated spores, selected at random, were placed on corn meal 
agar. Treatment with biotin, freezing, placing at 58° C. for 30 
minutes, and the combination of freezing and heating, failed to 
increase the percentage of germination in this experiment. In view 
of the above, it was particularly fortunate that seven of the eight 
spores in series GOa and all four of the spores in series Gta 
germinated. 

In subsequent experiments, the details of which will be reported 
in a later paper, it was discovered that the method successfully 
employed by Dodge (3) for various Ascobolaceae considerably 
increased the percentage of spore germination in Gelasinospora 
autosteira. This method, as applied here, consists of placing spores, 
resting on the surface of corn meal agar, in a drying oven and 
slowly raising the temperature so that it reaches 70° C. in about 
30 minutes. The heat is'then turned off and the spores are per¬ 
mitted to remain in the oven until the temperature falls to 35° C. 
or below. 

Ascospore germination on corn meal agar at room temperature 
begins with the formation of a vesicle four and one-half to five 
hours after planting. Growth is generally rapid after this and the 
entire surface of the agar in a Petri dish tfc often covered in about 
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Figs. 1-3. A new species of Gelasinospora , 
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three days from the growth of a single ascospore. Figure 1, A-J, 
shows various stages in the germination of an ascospore. Such 
germination is very similar to that described by Dowding (1) for 
Gelasinospora tetrasperma. 

MYCELIAL CHARACTERS 

The mycelium of Gelasinospora autosteira, as it develops on corn 
meal agar, consists of rapidly growings liyphae of various thick¬ 
nesses. The majority of the hyphae in a mature colony are about 
4 fi in diameter, and irregularly septate, their cells' varying consid- ' 
erably in length. Larger hyphae of an average diameter of 8/1 
constitute the main strands of the colony. The septa in these are 
placed more regularly, the average length of the cells being some¬ 
where between 25 and 35 /a. Giant hyphae are occasionally seen 
measuring 14.5 /x in diameter. The hyphal cells are probably coeno- 
cytic as they have been shown to be in Gelasinospora tetrasperma 
by Dowding and Duller (2). The mycelium was stained in 0.05% 
Heidenhain’s haematoxylin after being fixed in Duggar's Gilson’s 
fluid to which a few urea crystals had been added, in accordance 
with Dowding and Buller’s recommendation. A large number of 
what appeared to be nuclei were stained in each cell, but these 
structures were so small that it was impossible to identify them 
with certainty. 

The fungal colony is colorless at first, but in, most monosporous 
isolates under study an over all brown color begins to manifest 
itself when the colony is about a week old. The intensity of the 
color varies with the isolate and may be linked with the cpmpati^ 
bility factor according to present indications. On agar containing 
malt extract, the brown color becomes very dark. 

Aerial mycelium is produced abundantly in media containing 
malt extract. It covers th4 colony completely and grows up the 
sides of the Petri dish and in columns frpthlhe surface of the agar, 
sealing the cover to the bottom of the dish. Abundant aerial my¬ 
celium often exhibits a pink color. 

On corn meal agar, some aerial mycelium is a|so produced, gener¬ 
ally in small tufts over the surface of the a||^t; ‘ Com meal agar is 
preferable for some types of study and is ik)w being used by the 



Alexopoulos, Sun : New Species of Gelasinospora 729 

writers almost exclusively for growing this fungus because of its 
tendency to suppress formation of aerial mycelium, thereby making 
archicarps and perithecia more easily visible. 

perithecial production 

The ascocarps of Gelasinospora autosteira are pyriform, black 
perithecia with a prominent, hooked beak. On the natural host 
the perithecia are glabrous, but in culture the perithecial body is 
covered with many gray hairs, the beak alone being glabrous. In 
size, the perithecia are somewhat greater in diameter than those 
of Gelasinospora cerealis, measuring 0.42-0.61 mm. 

Isolates G-1, G-2, G-3, and G-4, resulting from single ascospores 
selected at random, were grown singly and in all possible combina¬ 
tions in Petri dishes, on corn meal agar with 2% malt extract. 
None of the single isolates yielded perithecia, nor did the G-1 X 
G-2, and the G-3 X G-4 crosses. However, when G-1 and G-3, 
or G-2 and G-4 isolates were grown together, clusters of perithecia 
developed near the edges of the Petri dishes on the line of contact 
between the two mycelia. This experiment was repeated several 
times with the same results. It was concluded, therefore, that this 
fungus consists of two self-incompatible strains and that isolates 
G-1 and G-2 were of one strain while G-3 and G-4 were of the 
other. This is in contrast to the condition found by Dowding (1) 
in the other two Gelasinospora species which are both homothallic 
except for the self-incompatible strains derived from dwarf spores 
of Gelasinbspora tetrasperma. 

Isolates GOa-1, GOa-2, GOa-3, GOa-5, GOa-6, GOa-7, and 
GOa-8, all obtained from a single astus, were similarly tested as 
single colonies and in all possible combinations. None of the single 
isolates yielded perithecia, nor did any combination between the 
first three or the last four isolates in the series. Some single col¬ 
onies produced many minute archicarps, just visible to the naked 
eye, which remained undeveloped. All combinations between any 
one of the first three and any one of the last four yielded numerous 
perithecia, generally confined to the edge of the Petri dish in the 
region where the two mycelia met. This experience, repeated sev¬ 
eral times with the same results, constitutes further evidence that 
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Gelasinospora autosteira is not homothallic. It is more than prob¬ 
able that had GOa-4 germinated it would have been found to be¬ 
long to the same strain as GOa-1, 2, and 3, the compatibility 
factor having segregated in this ascus in the first division. 

A further test was made with Gta-1, 2, 3, and 4, isolated from 
an ascus containing only four ascospores. These were grown 
singly and in all possible combinations with no perithecia resulting 
in any case. If the assumption made earlier is correct, that the 
first four ascospores of this ascus had already escaped at the time 
of isolation, the result of these crosses would indicate that the com¬ 
patibility factor segregated in the first nuclear division in this 
ascus as well as in the one which yielded the GOa series. 

In Gelasinospora autosteira, as in Gelasinospora tetrasperma (2), 
nuclei from the A and B strains probably come together by means 
of somatogamy, no spermatia or conidia having been found in any 
of the three known species in this genus. When two compatible 
mycelia are mated in a Petri dish, the perithecia which are formed 
are generally located at some point or points of contact between the 
two colonies, or, in some cases, all along the line of contact (fig. 
4A). Perithecial development is often confined to one or two 
small areas at the margin of the dish on the line of contact between 
the two mycelia. This may be a response to the greater oxygen 
supply at the margin of the dish. In some cases no more perithecia 
develop, but in others, a second crop matures nearer the center of 
the dish following more or less the line of contact of the two mycelia 
(fig. 4B). Dowding and Buller (2) state that Gelasinospora 
tetrasperma will not form perithecia in sealed Petri dishes. They 
found it necessary to grow the fungus in open Petri dishes in order 
to induce perithecial formation. Although Gelasinospora autosteira 
appears to prefer an abundance of oxygen for fruiting, as evidenced 
by the location of perithecia near the margin of the Petri dish when 
aerial mycelium is very abundant, %e fungus is apparently not as 
sensitive to the amount of oxygen present as is Gelasinospora tetra- 
sperma since it never fails to produce perithecia in closed Petri 
dishes, other conditions being favorable.^ 

At room temperature, near a but without the aid of 

artificial light at any time, perithecia. become clearly visible in about 
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14 days after planting. Archicarps, when formed, usually appear 
in four to five days after planting and are barely visible to the 
unaided eye. The time of perithecial development, however, varies 
considerably and may be‘correlated with certain parental crosses 
and environmental conditions, as may also l)e the number of peri- 
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thecia formed, and their distribution in a Petri dish. These phases 
of the problem are under investigation. 

Ascospores begin to mature about one month after planting. 
Forcible ejection of ascospores begins about a week after the first 
ascospores have matured as evidenced by their dark color. 

Isolates which have been kept in culture by mycelial transfers 
for a few months lose their ability to produce perithecia altogether, 
and fertile strains may be reestablished only by germinating more 
ascospores. It is therefore advisable to have mixed cultures with 
perithecia always on hand if one is to do any considerable work 
with this fungus. 

ASCI AND ASCOSPORES 

Asci are produced abundantly in the perithecia of Gelasinospora 
autosteira. They are long and cylindrical. When pressed out of 
the peritheciiim under a cover slip, they spread out from a common 
center in a typical fashion (fig. 3). There are no paraphyses. 
The asci are normally octosporous, but spore abortion is common. 
Asci with 3, 4, 5, 6, or 7 mature spores, the remaining aborted, can 
be found in almost any- peritheciuin, but usually when abortion 
occurs, four spores abort and four develop. 

Although there is some variation in the size of the ascospores 
within a single perithecium and a single ascus, no dwarf spores or 
giant spores have been found in this species. The characteristic 
pits of the ascospore walls which place, this fungus in the genus 
Gelasinospora, can be seen best just before the spores mature while 
they are changing from yellow to light brown in color (fig. 6). 
In the mature spores the wall is so opaque that the pits are virtually 
invisible. 

The ascospores are considerably smaller than those of Gelasino¬ 
spora cerealis, the other species with octosporous asci in this genus. 
No apiculate spores such as found by Dowding (1) in Gelasino¬ 
spora cerealis have been found in the new species. 

The ascospores show two nuclei when stained with propiono- 
carmine when still young (fig. 6). Young ascospores with single 
nuclei also have been found. The nuclear situation appears to be 
similar to that in the other two specif of this genus, the two nuclei 
in the mature spore probably being sister nuclei. Extensive cyto- 
logical investigations have not been carried out as yet. 
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EXPLANATION OF FIGURES 

Fig. 1. Ten stages in the germination of an ascospore, drawn at approxi¬ 
mately half-hour intervals as follows: A—3:30, B—4:00, C—4:30, D—5:00, 
E—5:30, F—7:05, G—7:40, H—8:15, 1—8:40, J—9:12. All camera lucida 
(X 375). 

Fig. 2. Photomicrograph of ascospore 22 hours after planting (X 150). 

Fig. 3. Photomicrograph of ascospores within asci, the latter spread out 
after crushing a perithecium under a cover slip. Note prominent ascal pores, 
aborted sixires (X 250). 

Fig. 4. Corn meal agar cultures of: A, Gelasinospora autosteira A and B 
strains with perithecia produced all along the line of contact between the two 
mycelia; B. A and B strains with perithecia produced first in two groups 
near the margin of the Petri dish at the point of contact of the two mycelia, 
and subsequently scattered between these two points; C. Gelasinospora cere- 
alts showing numerous perithecia produced by a monosporous culture; D. 
Gelasinospora autosteira, producing no perithecia when two monosporous 
isolates of the same strain are grown together; E. Monosporous isolate of 
Gelasinospora autosteira producing no perithecia. All cultures of the same 
age, one month old. 

Fig. 5. Perithecium of Gelasinospora autosteira on stem of Tillandsia 
(X 100). 

Fig. 6. Ascospores of Gelasinospora autosteira at various stages of 
maturity stained with propiono-carmine. On the left, several ascospores 
showing two nuclei each. Lower margin, one ascospore with a single 
nucleus. On the right, ascospores with pitted walls (X 500). 



URNULA CRATERIUM IS POSSIBLY THE 
PERFECT STAGE OF STRUMELLA 
CORYNEOIDEA 

Ross W. Davidson ^ 

(with 3 figures) 

In the Civilian Conservation Corps program in timber stand im- 
pr(jvement work, which began in 1933, the Division of Forest 
Pathology became increasingly interested in cankers of hardwoods. 
The interest at that time was mainly from the standpoint of formu¬ 
lating methods of disease control. Cultures were obtained of a 
number of the more important canker fungi such as species of 
Strumclla, Nectria, and Eutypella and some have been maintained 
in the stock culture collection of the Division of Forest Pathology 
at Heltsville, Maryland, since that time. Strumella canker (caused 
by .S". coryncoidea Sacc. and Wint.) has long been regarded as one 
of the more important defects of si^ecies of oak and several other 
hardwoods (1, 3, 4, 6, 8). The perfect stage of the fungus causing 
this canker was not known but has been the subject of speculation 
among forest pathologists. The perfect stage has not been taken 
into consideration in formulating control practices and this may be 
illustrated by the following quotation from Boyce (2): “If cankered 
living trees with dead or likely-to-be-killed branches or sprouts 
adjacent to cankers cannot be removed, the branches or sprouts 
should be knocked off. . . . Furthermore, all standing dead trees 
with bark on should be knocked down.” This wa^* based on the 
observation that conidia of the fungus develop in abundance on 
infected dead standing trees although it has not been demonstrated 
that conidia are the source of infections. In fact, none of the 
investigators has been able to germinate conidia on artificial media 
( 1 , 6 , 8 ). 

1 Pathologist, Division of Forest Pathology, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, U. S. Department of Agriculture, 
Beltsville, Maryland. 
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EVIDENCE OF A PERFECT STAGE OF STRUMELLA 

In December 1948, peculiar fingerlike fungus growths (fig. 1A) 
on an oak log were called to the attention of the writer.* These 
were on oak logs about 5 to 6 inches in diameter which had been 
cut during 1946 in clearing an area to be used for a golf course 
near Fairfax, Virginia. The growths were quite numerous and 
occurred on the under side of the logs where they had been in 
contact with the. damp soil or leaf litter. They were dark gray 
to black, with a white powdery outer surface, about one inch long, 
cylindrical, rounded at the tip, and occasionally slightly enlarged 
at the tip end. They were about the diameter of a pencil. On 
sectioning they were found to be hollow above and with an imma¬ 
ture hymenial layer on the inside, suggesting an immature disco- 
mycete. The bases of the immature fruiting bodies were sur¬ 
rounded by a black hairlike mass of mycelium (fig. 1A). 

Isolations from the inner bark tissue on which the fungus was 
growing yielded in 10 cases out of 12 what appeared to be cultures 
of Strumella coryneoidea, as shown by comparison with stock cul¬ 
tures of Strumella from oak cankers that had been maintained in 
the culture collection for about 15 years. 

Additional sections of oak logs containing immature fruiting 
bodies of the fungus were collected near Fairfax, Virginia, in 
February 1949, and kept outdoors. On March 31, 1949, several 
of the immature sporophores had enlarged at the tip and started 
to split open in a stellate manner (fig. IB). No mature asci were 
present on this date and they did not mature when placed in a 
damp chamber in the laboratory for further development (fig. 1C). 
However, pure cultures were readily obtained by picking out small 
bits of the hymenial tissue. 

On April 18, 1949, several opened apothecia were again brought 
into the laboratory, but aSci were immature, showing only'in a few 
cases eight differentiated nuclei. On April 25, two apothecia were 
collected from the logs and taken to the laboratory. These con¬ 
tained a few apparently mature ascospores so that the sporophores 
were definitely identified as Urnula craterium (Schw.) Fr. On 

* Mr. Walter Roney, formerly of the Divisioa<;i6f .Forest Pathology, called 
attention to this fungus and assisted in collectint^f the material used in this 
study. 
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April 26, two apothecia were quite wide open (fig. ID), and a 
deposit of ascospores was obtained. Cultures from the ascospores 
were made on malt and cornmeal agar media (fig. ID). 

Within the following few days in late April, additional apothecia 
were collected in mature condition (fig. IE). When placed over 
Petri dishes containing cornmeal agar, ascospores were deposited 
in abundance. The spores were sometimes shot out in scattered 
groups of eight or only one or two spores at a time. Cultures 
were readily obtained. 

Germination occurred from one end in 3 to 4 hours in 90 to 100 
per cent of the ascospores shot from the apothecium. Sometimes 
a second germ tube grew from the opposite end within about 24 
hours after the spores had been deposited on agar. Subsequent 
growth of germ tubes was very rapid. In a 24-hour period the 
germ tubes were many times the length of the spore. 

CULTURES OF URNULA CRATERIUM AND STRUMELLA 

Cultures of Strimella coryneoidea as obtained from cankers are 
rather distinctive and differ considerably from cultures of any other 
fungus which the writer has studied. They grow rapidly, forming 
a light gray dense mat on malt agar. Old cultures develop dark, 
sometimes black areas. In test tube cultures rather dense black 
masses of fungus tissue develop between the glass and the agar 
substratum (fig. 2B), as described by Bidwell and Bramble (1). 
These appear to be somewhat compatible to the masses of fungus 
tissue forming the pustules that break through the bark—serving 
as pressure pads. Those that develop in test tul>es are composed 
of masses of coiled segments of dark black, encrusted hyphae 3 to 
5 ju. in diameter. 

Cultures obtained from the bark on which immature fruit bodies 
of Urnula were growing iand tissue isolations t|jom the nearly ma¬ 
ture sporophores were similar to cultures of Strumella in growth 
rate on malt agar, malt plus gallic acid, and malt plus tannic acid. 
They were slightly more zonate and the mycelial mat on malt was 
a little darker than those of the old stock cultures. Cultures from 
single ascospores were lighter and less or nearly the same 

as the cultures of Strumella. This variatiMh in cultures from dif- 
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Fig. 2. Cultures of Urnula and Strumella. 


ferent sources is believed to be no greater than would be expected 
with cultures of a single species from different sources. The 
Urnula cultures also developed the black stromatic masses in test 
tube cultures (fig. 2A). 

The growth and reactions of Strumella on media containing gallic 
and tannic acid were recorded in a prev ious paper (5). The 
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growth and reaction of cultures of Urnula craterium on these media 
are very similar. Growth rate of both fungi on two per cent malt 
agar at ordinary room temperature of 24° C. is about 50-60 mm. 
in diameter, in one week. On gallic acid medium under similar 
conditions it is 0-20 mm., on tannic acid about 20-30 mm. Both 
fungi give a strong reaction on gallic and tannic acid media. 

Conidia of Stfumella have never been observed to develop in 
pure cultures so . none would be expected under ordinary culture 
conditions. They might be induced to form if different types of 
substrata were used. 

URNULA IN AREAS WHERE STRUMELLA CANKERS ARE NUMEROUS 

The only sporophores observed in the spring of 1949 were all 
from oak logs collected at the one place near Fairfax, Virginia. 
A search at other places near the District of Columbia, especially 
at Beltsville, Maryland, failed to locate any additional specimens. 
Strumella cankers are not known to be common in this general area. 

On December 8, 1949, additional material of Urnula was col¬ 
lected on a canker control plot near Oakland, Maryland. In this 
irea Strumella cankers are abundant on oak reproduction. Can¬ 
kered trunks that had been felled or that had broken over and 
remained on the ground for several years, contained abundant 
young fruits of Urnula, These were about the same as those col¬ 
lected near Fairfax, Virginia, but were mostly younger and some¬ 
what more cone-shaped, with a broad base, and tapering to a 
rounded tip (fig. 3). From this material it is evident that the 
fruit bodies start to develop in the fall, probably in October or early 
November. They appear to develop only on trunks that have been 
lying on the damp ground for some time. It is believed that 
Urnula craterium is a common fungus in other localities where 
Strumella cankers are prevalent. 

In a recent paper Nannfeldt (7) de^lbed a new species, Urnula 
hiemalis, which has slightly smaller ascospores and shorter stipes 
than U, craterium and grows on’^grassy slopes or sparse lawn, 
apparently not attached to sticks. The ^jcw species develops dur¬ 
ing the winter in which respect it is t j tt p hrialy similar in habit to 
[7. craterium except that the aoothecia^pv open up earlier. Both 



Fig. 3. Young sporophores of Urnula photographed on Dec. 9, 1949. 


species have the coarse black hairlike mat at their base. V. cra- 
terium is reported as very rare in Europe. 

CONCLUSIONS 

Present observations and studies strongly suggest that Urnula 
craterium is the perfect stage of the fungus causing Strumella can¬ 
kers. Cultures of U. craterium have been compared with several 
cultures of Strumella which were originally isolated from cankers. 
These cultures were found to be very similar. Sporophores of 
Urnula start to develop in the fall (October or November) and 
mature by the latter part of April or the first part of May. Asco- 
spores germinate in a few hours when deposited on nutrient agar 
media. Sporophores of the perfect stage have been observed to 
develop only on wood in contact with the damp soil and leaf mold. 
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They were found in abundance in an area where Strumella cankers 
are common. 

This evidence suggests that in timl^er stand improvement work 
designed to reduce canker incidence, trees with Strumella cankers 
should not l)e cut down and left on the ground. 
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DESCRIPTION OF ILLUSTRATIONS 

Fig. 1. Urnula eratcrium in several stages of development. A. Young 
sporophores collected in December 1948. B. Sporophores, collected March 
31, 1949, just starting to split open at the tip. C. The same sporophores 
shown in B, after being held in the laboratory for several days. Asci were 
present but ascospores had not developed. D. Sporophores collected April 25, 
1949. A few mature ascospores were present at that date. E. Mature 
sporophores collected April 28, 1949. 

Fig. 2. A. Cultures of Urnula craterium at different stages of devel¬ 
opment. B. Stock cultures of Strumella coryneoidea at different stages of 
development, isolated from cai^kers. 

Fig. 3. Young sporophores photographed December 9, fresh 

condition on cankered oak stem that had ,b€fcft lying on th^^Ppund, near 
Oakland, Maryland. 



NEW AND NOTEWORTHY LICHENS FROM 
MT. RAINIER NATIONAL PARK 

Henry A. Imsiiaug 
(with 2 figures) 

During the summer of 1948 the writer was fortunate in having 
the opportunity to assist Dr. A. H. Smith in a mycological survey 
of Mt. Rainier National Park, in the state of Washington. A num¬ 
ber of papers dealing with the new and noteworthy fungi collected 
there have already appeared, and others are in preparation. The 
purpose of this paper is to discuss some of the new or interesting 
macrolichens. The microlichens will be considered at a later date. 

I wish to take this opportunity to express my appreciation to 
Dr. E. B. Mains, director of the University of Michigan Her¬ 
barium, for making this survey possible, as well as for reading the 
manuscript, and also to Dr. A. H. Smith and J. Hedrick Jones for 
their advice and suggestions in the course of the collection and 
determination of the specimens and preparation of the manuscript. 
I am especially indebted to T. E. Hasselrot, Veli Rasanen, C. W. 
Dodge, and Ove Almborn for the loan of tyjx* material and other 
critical specimens in the course of this study. 

1. A CORTICOLOUS Cetraria in the w/antifca-GROUP 

This Cetraria was very abundant on the lower branches of small, 
thicket-forming shrubs, e,g., Rhododendron alhiflorum and species 
of Vaccinitmi. Also, it grew equally well on the soil around the 
bushes, especially in the more open areas at the higher elevations. 
In the literature this plant has been described both as C. islandica 
mod. arborialis and C. tenuifolia var. pseitdoislandica f. septen- 
trionalis. 

Although this lichen differs markedly from both C. islandica 
and C. crispa (= C. tenuifolia), previous workers have considered 
it to be a modification resulting from its corticolous habitat. Th. 
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Fries (1871, p. 98) observed that small forms of C. islandica were 
sometimes to be found on wood and so little significance was at¬ 
tached to the American specimens. 

The material found on Mt. Rainier was fruiting abundantly and 
large collections were made. The apothecia are marginal, at times 
almost stipitate, rather than subterminal on dilated apices as in 
C. islandica and C. crispa. The apothecial margins are not ciliate. 
These characters, together with the almost plane, nitidous laciniae, 
the complete lack of laminal pseudocyphellae, and the chemical 
reactions (Pd—, I—), clearly show, in the writer’s opinion, that 
this plant cannot be placed as a variety or form under either C. 
islandica or C. crispa. Also, the Mt. Rainier material clearly shows 
that these differences are not due to a corticoloiis habitat, i.e., the 
lichen was equally abundant on shrubbery and on the ground, with¬ 
out any apparent morphological change. When lignicolous, how¬ 
ever, it is fastened to the substratum by black, adhesive discs which 
develop from the tips or the margins of the laciniae which come in 
contact with the bark. Growth of the lichen creates a tension on 
the laciniae fastened to the bark and eventually the adhesive discs 
are pulled away from the substratum. These discs persist on the 
elevated laciniae and are characteristic of the species when grow¬ 
ing on bark. 

It was, of course, desirable to compare this material with the 

Swedish specimens of C. islandica mentioned by Th. Fries and 

others as occasionally growing on wood. For this purpose. Dr. 

T. E. Hasselrot, of the Riksmuseum, Stockholm, was kind enough 

to examine the more than 900 envelopes of this group in that 

herbarium and to forward for study the twenty-five corticolous 

specimens, collected by Efr. Eriksson, which he found. Most were 

on stems of Jnniperus communis, but some were from spruce and 

pine. Twenty-one were typical C. islandica, whereas fotir were 

typical C. crispa. In addition, the wrtter was able to examine a 

specimen of C. islandica f. rhododendri (Britzelmayr, Uchenes exs. 

aus der Flora von Augsburg, No. 633, Farlow Herbarium, Harvard 

University), which proved to be typical islandica. The Mt. 

Rainier material showed no similarity t<!!f.tktty of these corticolous 

, a, 

specimens. 
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It may be added that instances of C. crispa growing on wood 
without any apparent morphological change in the thallus are not 
entirely unknown in North America, as the writer has collected 
specimens on low juniper branches and on wood debris along the 
shores of Lake Michigan and Lake Huron in the state of Michigan. 

In view of the information presented here it is concluded that 
both C. islandica and C. crispa are able to grow on small stems 
and branches, stumps, and old wood, without any apparent mor¬ 
phological change, and that the lichen known as C, islandica arhori- 
alis, which has been viewed as a modificatio^ of C. islandica due 
to its corticolous habitat, differs from both C. islandica and C, 
crispa by a combination of characters such as the position of 
apothecia, the lack of laminal pseudocyphellae, and the chemical 
reactions. Consequently, it cannot be considered as a variety or 
form under either of these species. 

The question of nomenclature merits special consideration. The 
first published name was C. islandica modification arborialis (con¬ 
ditional nomination) Merrill. In addition to the peculiar designa¬ 
tion, the following facts .should be noted: 1) no type specimen was 
cited; 2) the description was based on two different collections, 
representing two distinct species, as shown by Howe (1915). 
Following the International Rules, Merrill's publication of the 
epithet arborialis cannot be considered valid. 

The second publication of this name was by Howe (1915). 
Again, several facts may be noted: 1) the composite nature of 
Merrill's description was corrected; 2) a type specimen was desig¬ 
nated; 3) the rank given to this name remained that of modifica¬ 
tion. Howe's use of the term modification may be explained by 
the following quotation (1915, p. 219) : “It is evidently a modi¬ 
fication as Mr. Merrill called it, caused by the corticoline sub¬ 
strata, a more or less accidental result of environment. . . ." He 
concludes by saying “further material of this interesting modifica¬ 
tion may prove to argue its acceptance as a variety or even species." 
In the writer's opinion this cannot constitute valid publication as 
Article 37 of the International Rules (Camp et al., 1947) says 
“A name of a taxonomic group is not validly published unless it 
is definitely accepted by the author who published it. A name pro- 
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posed provisionally (nomen provisorium) in anticipation of the 
eventual acceptance of the group or of a particular circumscription, 
position or rank of a given group, or merely mentioned incidentally 
is not published.” 

The use of the combination C. islandica var. arborialis by Zahl- 
bruckner (1930, p. 333) without any comment or without citing 
a particular description does not seem valid in view of the fact 
that Merriirs priginal description was a composite, based on two 
distinct species. 

Finally, the epithet scptentrionalis, used at the form level by 
Rasanen, is not available for use at the species level, due to the 
existence of Cetraria septentrionalis (Nyl.) Almqu., a synonym of 
C. chrysantha Tuck. 

In view of these considerations it is necessary to propose a new 
name for this species. One which indicates its subalpine habitat 
is deemed suitable. 

Cetraria subalpina sp. nov. Fig. 1 

C. islandica m. arborialis Merrill, Bryologist 9 (1) : 4. 1906. 

C. islandica var. arborialis Zahlbr., Cat. Lich. Univ. 6: 333. 1930. 

C. islandica var. pseudoislandica f. septentrionalis Rasanen, Ann. 

Mo. Bot. Card. 20: 9. 1933 (type seen). 

Thallus laciniato-lobalus, laciniis cartilagineis, procumbens ad erectis, ob- 
tortis, irregulariter ramosis, superne et subtus glaber, nitidus. Margo laci- 
niarum fere spinis. Color pallidus, pallide castaneo-umbrinus, olivaceo- 
umbrinus vel subfuscus. Pseudocyphellae longae et angustae, in marginibus. 
Rhizinae desunt. Soredia et isidia desunt. Apothecia 2.5 mm. lata, in 
marginibus laciniarum; margo apotheciarum non ciliatus. Sporae subglo- 
bosae, diam. 4.3-6.4 m. Thallus extus et intus K —^ K(C) — C-^t J— » Pd —. 
Specimen typicum in ramis, 6000 ft., Mt. Rainier National Park, Washington, 
U. S. A., Imshaug 1876, in Herb. Mich. 

Thallus composed of densely tangled, twisted, irregularly.divided, 
prostrate to erect laciniae. Laciniae <^Jihilaginous, glabrous, niti- 
dous; plane or with prominent central groove, occa§ibnally with 
two grooves separated by a central ridge, but not canaliculate- 
connivent as in C. crispa; never expanded*..main branches 4.0-6.5 
mm. across, tips 1.0-1.5 mm. across; margins ± spinulose. Color 
very variable, pallid, greenish-olivacedns, ^ olivaceous-fuscescent, 
earth-brown, rich chestnut brown, or combinations of these; lower 
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surface generally lighter than upper surface, often pallid. Pseudo- 
cyphellae inconspicuous, marginal, long and narrow. Rhizoids 
none. Soredia and i’sidia none. Apothecia marginal, originating 
from upper surface of laciniae. Disc buff to light brown, 2-S mm. 
across. Margin at first prominent, inrolled, at length disappearing; 
± scalloped; not ciliate. 

Thallus 150-220fi thick; upper cortex scleroplectynchymatic, 
uncolored, 25-32 ft, with cuticle c. 3.2 fi thick; algae bright green, 
spherical, 8-11 /x in diam., in ± continuous zone 30-45 thick, also 
scattered in medulla; medulla of loose, pachydermatous hyphae, 
colorless, white in reflected light, 50-70 fi thick; lower cortex simi¬ 
lar to upper cortex. Hymenium colorless, yellow-fuscescent above, 
50-80/1.; asci subcylindric to narrowly clavate, 35-52 X 8.4—12.7 /x; 
spores 8, subspherical to irregular, 4.3-6.4/x across; paraphyses 
simple, unbranched, c. 2.2 /x across, apices not capitate; hypothecium 
colorless, 68-82 /x. 

Chemical reactions: Thallus Pd—, J—, K—, K(C)—, C—; 
medulla Pd—, K—, K(C)—, C—, J—; asci J + (blue) above. 

Habitat: On branches of small shrubs, e.g,, Vaccinium spp. and 
Rhododendron albiflorum, and on the soil beneath them. Also, 
occasionally on shaded, mossy banks. 

Distribution: In the Olympic Mountains and Cascade Mountains 
of Washington (U. S. A.), in the Selkirk Mountains of British 
Columbia (Canada), in the Northern Rockies (Canada), and in 
northern Alaska. 

Specimens seen: Alaska: Pt. Barrow (Lehnert’s collection, U. of M.^). 
British Columbia: Glacier—(Fink 4916, U. of M.), beside Great Glacier, 
6500 ft. (Fink 5909, U. of M.), Hermit Mt., 6000-7000 ft. (Fink 5768 & 
5797, U. of M.); Golden—(Kujala, Herb. Mo. Bot. Gard. No. 69142—type 
specimen of C. tenuifolia var. pseudoislandica f. septentrionalis Rasrnen) ; 
Yoho Nat*l Park—Yoho River below Lake Duchesnay (Imshaug 6728). 
Alberta: Jasper Nat’l Park—ridge opposite Angel Glacier on Mt. Edith 
Cavell, 6200 ft. (Imshaug 7033 & 7037). Washington: Olympic Mts.— 
Humes Glader, 5000 ft. (Frye 14, U. of M.), Hurricane Ridge, 5500 ft. 
(Smith 2358, U. of M.)v Crystal Ridge (Smith 14980, N. of M.), Sol 
Due Hot Springs District (Eyerdam 1553, U: of M.); Rainier 
Nat*l Park—(Plitt, Aug. 1918, U. of Longmire Springs (Fink 4801, 
U. of M.), Hidden Lake Trail, 5500-6000 ft. (Imshaug 261, 263 and 
267), summit of Yakima Peak, 6200; ft. (Imshaug 484), Kotsuck Creek, 
4500 ft. (Imshaug 131), eastern slope of Qowlitz Divide, 3000-4000 ft. 
(Imshaug 155), Eagle Peak Trail (Imshaug 1567), summit of Chutla Peak, 
6000 ft. (Imshaug 1623), Nisqually River Camp, 2900 ft. (Imshaug 

U. of M. = University Herbarium, Uniy^ty of Michigan. 
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1385), Reflection Lake, 4861 ft. (Imshaug 1074), Lake George Trail, 4000 ft. 
(Imshaug 1940), Mt. Wow, 6000 ft. (Imshaug 1876—^typc). Cataract Falls, 
4100 ft. (Imshaug 510). Oregon (?) :2 Cascade Mts. (Hall, 1871, Farlow 
Herb., Harvard Univ.). 

2. Pseudocyphellaria rainierensis sp. nov. Fig. 2. 

Thallus 1-2 dm. latus, fragilis, laciniato-lobatus, pallide virido-cinereus, 
laciniis (1)3-8 cm. longis (0.7)1.5-n3.0 cm. latis, imbricatis, marginibus 
crosis, coralloideoisidiosis, superne plus minusve foveolatus, glaucus, subtus 
fere ad apicem dense tomentosis, obscure fuscus, apicibus pallidis vel pallidi- 
oribus. Pseudocyphellae densae, irregulariter verruciformes, albae. Algae 
virides, globosae, diam. vulgo 6.4-10.6 M. Pycnoconidia bacillaria, recta, 
4.2-5.4 X c. 1 a*. Apothecia desunt. Thallus K + intense lutescens, K(C)—, 
C—, J—, Pd—; medulla K—, K(C)—, C—, J—, Pd—. Specimen typicum 
in cortice, 2400 ft, Mt. Rainier National Park, Washington, U. S. A., 
Imshaug 598, in Herb. Mich. 

Thallus large, 1~2 dm. across, brittle, laciniate-lobate, pale green¬ 
ish-cinereous. Laciniae (1)3-8 cm. long, (0.7)1.5-3.0 cm. broad, 
imbricate; apices broadly rounded, incised crenulate; margins erose 
to crenate-lacinulate, bearing abundant, coralloid isidia; surface 
unevenly impressed to foveolate, glaucous, occasionally with iso¬ 
lated clitsters of coralloid isidia (not limited to cracks or other 
injuries, although especially abundant in such areas), endotrophic 
cephalodia occasionally visible as low warts above surface. Lower 
side pale buff to brownish yellow towards center, tomentose to 
the margin; tomentum usually dense, pale. Pseudocyphellae con¬ 
spicuous, dense, white, 0.2-0.6 mm., verruciform or flattened, mar¬ 
gin indistinct. Pycnoconidangia, when present, prominent, super¬ 
ficial, immersed, with the visible part black. Apothecia not seen. 

Thallus 0.3-0.4 mm. thick. Upper cortex 38-50/z, yellowish- 
brown, paraplectynchymatous; cells (KOH) rather indistinctly 
arranged in c. 6 horizontal rows, 5.3-7.5 X 3.5-4.3 ft, elongated 
horizontally, moderately thin-walled. Algal layer 37-45 /a; algae 
green, 6.4-10.6 /a in diam. Medulla gray, 215-235/x; hyphae ±: 
intricate, 3.8-4.2 ax, leptodermatous, not granular. Lower cortex 
yellowish-brown, 32-44 ft, cells similar to those in upper cortex. 
Rhizinae fasciculate, pale yellow-brown, c. 125/x long; hyphae 
6.4-9.S/X thick, thin-walled, indistinctly septate. Endotrophic 
cephalodia with blue-green algae. Pycnoconidangia 0.4 X 0.3 mm.; 
pycnoconidia bacillar, straight, 4.2-5.4 X c. 1 fx. 

Chemical reactions: Thallus K 4-(intense yellow), K(C)—, 
C—, J—, Pd—; medulla K—, K(C)—, C—, J—, Pd—. 

2 The word Oregon on the label probably refers to the Oregon Territory 
and the specimen could have come from what is now the state of Washington. 
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Fig. 2. PscudocypheUaria rainierensis. 


Habitat and distribution: On bark of alder and fir at elevations 
of from 2300-2700 ft., Ohanapecosh River above Panther Creek, 
Imshaug 598—type; Ohanapecosh River above Laugfiing Water 
Creek, Imshaug 722; Nisqually River, Imshaug 1362; Tahoma 
Creek, Imshaug 1238. / 

Discussion: This species, in mangjr. respects, reminds one of 
Lobaria oregana, but differs principally in the presence of pseudo- 
cyphellae on the under surface, although the color, texture, and 
KOH-reaction are also at variance. Pomts of similarity are the 
large size, ± foveolate upper surface, . ektreme brittleness, and 
coralloid isidia. Also, the endotrophic li^haiodia, with blue-green 
algae, are similar to those described foi* L. oregana by Schneider 
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(1897, p. 58). The large size of PsendocypheUaria rainierensis 
and the diagnostic characters mentioned above prevent its confu¬ 
sion with any other North American lichen. Cyanisticta Hookeri 
var. septcntrionalis R-isanen (1933, p. 17) appears similar from 
its description. A study of the type specimen, however, showed 
that it differs in its much smaller size and in the questionable pres¬ 
ence of white pseudoc>’phellae, as well as in the nature of the algae. 

Pseiidocyphellaria rainicrensis should be looked for in the 
Olympic Mountains of Washington, U. S. A., and the Selkirk 
Mountains of British Columbia, Canada. It will most likely be 
limited in its distribution to these regions of heavy precipitation 
in our Pacific Northwest. 

3. Alectoria altaica (Cyel.) Has., Ann, Bot. Soc. Zool.-Bot. 

Fenn. X’anamo 12 (1): 34. 1939. 

J. spinulosa Ahlner, Ann. Bot. Soc. Zool.-Bot. Fenn. Vanamo 
9 (1): 35. 1937 (nomen nudum). 

.1. karelica Ras., Ann. Bot. Soc. Zool.-Bot. Fenn. Vanamo 12 (1) : 
34. 1939. 

A. altaica var. spinulosa Riis., Ann. Bot. Soc. Zool.-Bot. Fenn. 

Vanamo 12 (1) : 34. 1939. 

Bryopogon altaicus (lyel., I'isia 2: 166. 1937. 

Original description: “Thallus erectus, usque ad 4 cm longus, 
sat opacus, ad basin nigricans, versus apices pallidus K 4- flavus, 
C—, KC 4- flavus dein celeriter evanescens, P 4- citrinus deindeque 
rubescens, in partil3us nigrescentibus K—, C—, KC—, ramis 
divaricatis non rectangulis, rariter sul)rectangulis instructus, sore- 
diosus, sorediis lateralibus, maculiformibus, sat elongatis vel sub- 
rotundatis, albidis, maculis soredioriim vulgo latioriljus sicut ramis, 
ca. 0-1:0-0,6 mm magnis. Pseudocyphellae desunt. Sterilis. 
Species sectionis Ochrolcucae Gyel.—Similis Bryop. Berengeriano 
(Mass.) Gyel. sed thallus K 4- et KC 4-, etc,—U. S. S. R., Si- 
birien, Altaigebirge, leg. N. N. Lawrow, comm. M. P. Toniin, 
no. 20 (Typus in hb. mus. Budapest).’ 

Figures: Acta Phytogeographica Suecica XIII (1940), PL 3. 

Discussion: This Alectoria has previously been reported from 
North America only from Maine (Degelius, 1940) and North 
Carolina'(Degelius, 1941)* Outside of North America it appears 
to be widely distributed in boreal regions. Ahlner (1940) reports 
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it from the Ural Mountains, Siberia, Middle Europe and Scandi¬ 
navia. In view of the fact that the species of the genus Alectoria 
have l>een badly confused in North America, the original descrip¬ 
tion of A, altaica, generally unavailable to American students, has 
been reprinted. In all probability this species is widely distributed 
in boreal North America. 

A, attaica is well characterized by its erect to short pendulous 
habit, the dull, bicolored filaments, the soralia, when present, 
being farinose, the divergent fibrils, and the KOH + (yellow) re¬ 
action. A, nidulifera A, chalybeijormis amer. auct., non. Lichen 
chalybeiformis Linn.) is wiry cespitose, lustrous, not bicolored, and 
the soralia are covered with spine-like isidia. A, bicolor is lustrous, 
bicolored, esorediate and KOH—. A, jubata var. prolixa is lus¬ 
trous, pendulous, lacks the divergent fibrils and is KOH—. A. 
implexa is lustrous, pendulous, pale, lacks the divergent fibrils and 
is KOH + (yellow). 

The Mt. Rainier specimen is sorediate and sterile. It was col¬ 
lected on the bark of Abies along the Nisqually River, at an eleva¬ 
tion of c. 2700 ft., Imshaug 1364. 

University Herbarium and Dept, of Botany, 

University of Michigan, 

Ann Arbor, Michigan 
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A NEW SPECIES OF DERMATOCARPON 

Henry A. Imshaug 
(with 1 figure) 

During the summer of 1948, while travelling through Yellow¬ 
stone National Park the writer collected an interesting Dermato- 
carpon. This lichen formed loose, subspherical mounds on soil in 
a sage brush desert association near the northeast entrance to the 
park. The unattached mounds gave the appearance of being able 
to drift with the wind in dry seasons, thus resembling the familiar 
tumbleweed. In this habit they remind one of Parmelia molliuscula 
and Lecanora Haydenii, both characteristic of arid regions of 
Western United States. Cetrarm islandica f. vagans, described 
from the desert regions of Siberia by Savicz (1911, p. 51), is also 
similar in that it forms loose, drifting, spherical mounds. 

While examining the collections of Cornicularia in the Farlow 
Herbarium, Harvard University, the author was surprised to find 
a collection of this Permatocarpon from Mt. Aylmer in the Cana¬ 
dian Rockies. It was distributed by Macoun as No. 105 of Cana¬ 
dian Lichens. Howe (1915, p. 225) says of this number: “appears 
to be abortive or degenerate materiar’ of Cetraria Richardsonii, 
Although Howe locates Mt. Aylmer in British Columbia, the only 
Mt. Aylmer the writer is able to locate is in Alberta, on the eastern 
boundary of Banff National Park, just north of Lake Minnewanka. 

An epithet indicative of its drifting habit is deemed suitable for 
this new species. 

Dermatocarpon vagans sp. nov. Fig. 1 

Thallus foliaceo-fruticosus, iteratim Iacini?tus, laciiiiis primariis 3-6 mm. 
latis, convolutis, apicibus tenuissimis, irregulariter ramosis et crispatulis. 
superne plus minusve glaber, pruinosus, siccus spadi^eus, madefactus vires- 
cens, subtus obscurus vel ater, papillosus. Perithecia immersa, ostiolis nigris. 
Sporae ellipsoideae, 11.0-15.4 X 6.2-7,Sm. Thallus et medulla K—, K(C)—, 
C—, Jr—, Pd—; gelat. hym. J 4* obscure caerulescit. Specimen typicum in 
solo, Yellowstone National Park, Wyoming, U. S. A., Imshaug 15, in Herb. 
Mich. 
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Thallus large, 2-4 cm. across, foliose-fruticose, forming sub- 
spherical, unattached mounds on arid soil. Thallus irregularly 
and deeply laciniate, not in one plane, laciniae projecting at various 
angles; ends of main laciniae repeatedly dissected and the many 
lacinulae strike out at all angles, resulting in small tight balls at 
ends of main branches. Laciniae convolute, main divisions 3-6 
mm. across (dry), apices c. 0.5 mm. Upper surface glabrous to 
minutely rugose; scattered areas white-pruinose; when dry date- 
brown, green when moistened. Lower surface, rarely visible due 
to convolute nature of the laciniae, brownish-black, densely papil¬ 
lose. Rhizoids none. Soredia and isidia none. Perithecia nu¬ 
merous, immersed, ostiole black, minute. Pycnoconidangia not 
observed. 



Fig. 1. Dermatocarpon vagans. 

Thallus 0.4-0.6 mm. thick. Upper cortex 23.5-30.0 /a, plectyn- 
parenchymatic, colorless to pale fuscous above, cells isodiametric, 
thin-walled, 5.3-8.5 fi, formed from vertical hyphae. Algal layer 
80-120/4 thick; algae pleurococcace^fe^ globose, diam. 7.5-10.5/a. 
Medulla lax, 200-325 /a thick, hyphae intricate, thin-walled,- 2.2- 
2.6 /A. Lower cortex 40-85 /a thick, plectynparenchymatic, cells 
isodiametric, thin-walled, 6.4-10.6 /a, formed from vertical hyphae, 
interior cells colorless, outer ones (forming^papillae) brown. Peri¬ 
thecia immersed, globose, pallid to rose, diam. 250-300 /a, 
wall 40-80 /A thick, formed from longitu^al hyphae, margin of the 
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ostiole obscure. Paraphyses indistinct, soon gelatinized. Asci 
subcylindric, 54—60 X 13-15/4. Spores 8, in two rows, hyaline, 
ellipsoid, granular, non-septate, 11 . 0 - 15 . 4 x 6 . 2 - 7 . 5/4 (length/ 
breadth-coefficient = 1.7-2.3/4, average 2.0/4), membrane thin. 

Chemical reactions: Thallus and medulla K—, K(C)—, C—, 
J—, Pd—; gelat. hym. J + (blue). 

Habitat and distribution: Growing loose on arid soil, c. 7000 ft., 
in northeast corner of Yellowstone National Park, Wyoming, June 
23, 1948, Imshaug 15—type; growing over moss, 8000 ft.. Mount 
Aylmer, Alberta, Canada, Macoun, Canadian Lichens No. 105 
(distributed as Cetraria odcntella (?) Ach.). 

Discussion: Dermatocarpon vagans is near D. minmtiim and 
should be compared with it and the other largc-lobed species in 
the section Entosthelia. D. miniatum itself is a widespread and 
variable plant, characterized by a generally pruinose upper surface, 
lower surface without rhizoids, and the color unchanging when 
moistened. It may be monophyllous or polyphyllous, varying from 
a somewhat imbricate condition to a few medium-sized lobes (var. 
complicatnm) or to a compact cirshion of many small, densely- 
congested lobes (var. pannijonnc). These ix)lyphyllous forms are 
often mistaken for D. aquaticimi. The lower surface of D, mini- 
atiim varies in color from yellow-fulvous to fuscescent or black. 
In texture, the lower surface varies from smooth or rugose to 
reticulate-veined (var. julvojuscum) or may be papillose (var. 
papillosum). Tt is the papillose forms which present the greatest 
difficulties. Although not recognized by Fink (1935), D. mini¬ 
atum var. papillosum has been reported from Washington by Mag- 
nusson (1932) and from New Mexico by Bouly de Lesdain (1942). 
D. moulinsii var. sub papillosum Fink apud Hedrick (1933, p. 306) 
would appear from a study of the type specimen, which is rather 
meager, to be this variety. D. vagans, aside from its habitat and 
gross appearance, differs from D. miniatum in that the color 
changes to green when moistened. 

D. reticiilalum Magnusson (1932, p. 18), described from the 
Upper Naches River Region in the Cascade Mts. of Washington, is 
still incompletely known. It differs from D, miniatum var. papil¬ 
losum in its reticulate under surface and in the change of color to 
green when moistened. Also, the under surface in D. rcticulatum 
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seems to be more furfuraceous or granulose than papillose. Speci¬ 
mens of a collection from Tipsoo Lake, Mt. Rainier National Park, 
near the type locality, made by the writer (Imshaug 220) and 
determined by Magnusson, show considerable variability in the 
prominence of the rugae. In some they may even be absent. 
While the thallus of the type specimen was described as 150-250/i 
in thickness, thinner than in Z). miniatum, the writer’s specimens 
are 400-600 fi in thickness. More material is needed of this and 
the other papillose forms to ascertain the true relationships. D. 
vagans differs from D. reticulatum in the lack of prominent rugae 
and in the more strongly papillose lower surface, in addition to 
habitat and gross appearance. 

The following key to the large-lobed Dermatocarpons of the 
section Entosthelia summarizes these differences. The distribu¬ 
tions given have been compiled from North American material in 
the University Herbarium, University of Michigan. 

A. Lower surface smooth or wrinkled. 

B. Thallus green when moistened, not pruinose; generally on wet or 

inundated rocks. D. aqmticum 

(New England, Que., N. Y., Out., Mich., Wise., 
Ohio, Md., D. C., Ark., Colo., and Wash.) 

BB. Thallus unchanged when moistened, pruinose; on exposed rocks. 

D. miniatum 

(throughout the United States and Canada) 
AA. (see AAA). Lower surface furfuraceous or papillose. 

C. On rock; thallus ± plane, not laciniate. 

D. Unchanged when moistened; lower surface without 

prominent rugae. 1^. miniatum var. papillosum 

(Wash., Ore., Idaho, B. C., 
Manitoba, Mont., and Colo.) 
DD. Olive-green when moistened; lower surface with prom¬ 
inent rugae. D. reticulatum 

(Washington) 

CC. On soil, loose ; thallus foliose-fruticose, deeply laciniate, con¬ 
volute .... i. vagans 

(Wyoming aild Alberta) 

AAA. Lower surface with rhizoids.’.. D. moulinsii 

(Mich., Ont., Colo., Mont., and Wash.) 

■v. 

It may be noted here that the Washington specimens of D. 
moulinsii (Imshaug 178 and 934B) are.fropi Mt. Rainier National 
Park and are larger than usual for the 4^ies (thallus 2.5-7.0 cm. 
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across, 2 S(MOO/a thick) and with long (l.S-3.0 mm.), branched, 
pale yellow-brown to black rhizoids. Also, the lower surface has 
plates of supporting tissue similar to that in Umbilicaria Muhlen- 
bergii. Duplicate material of No. 178, however, was determined 
as D. moulinsii by Magnusson. The large size and the branched 
rhizoids suggested D, vellereum Zschacke (1934, p. 638) but the 
rhizoids, although branched, are not densely coralloid, as in Elen- 
kin's Lichenes Florae Rossiae No. 49a (Univ. of Mich. Herb.). 

I wish to take this opportunity to express my appreciation to 
Dr. A. H. Magnusson, Goteborg, Sweden, for the determination 
of specimens and to Dr. W. L. White for the use of the facilities 
of the Farlow Herbarium, Harvard University. 

University Herbarium and Dept, of Botany, 

University of Michigan, 

Ann Arbor, Michigan 

LITERATURE CITED 

Bouly dc Lesdain, M. 1942. Lichens de Tetat de New-Mexico (U. S. A.) 
recueillis par le Frere G. Arsene Brouard. Rev. Bry. et Lich. 12: 
44-66. 

Fink, B. 1935. The lichen flora of the United States. Ann Arbor, Univ. 
of Mich. Press, 426 pp. 

Hedrick, J. 1933. New genera and species of lichens from the herbarium 
of Bruce Fink. 1. Mycologia 25: 303-316. 

Howe, R. H., Jr. 1915. The genus Cetraria as represented in the United 
States and Canada. Torreya 15: 213-230. 

Magnusson, A. H. 1932. Lichens from western Northamerica, mainly 
Washington and Alaska. Ann. Crypt. Exot. 5: 16-38. 

Savicz, V. P. 1911. (Interessante und neue Arten und Formen del 

Flechten im Gouv. Nowgorod, 1910 gesammelt.) (Bullet. Jard. Imp. 
Bot. St.-Petersbg.) 1911, No. 2, pp. 50-55.—In Russian with Latin 
diagnoses and German summary. 

Zschacke, H. 1934. Uermatocarpaceae. In Rabenhorst’s Kryptogamen- 
Flora Bd. 9, Abt. 1, pp. 590-668, 



SOME LEAFSPOT FUNGI ON WESTERN 
GRAMINEAE. 

Roderick Sprague 2 
(with 1 figure) 

This paper continues a series of discussions and descriptions of 
fungi found on the grass family in the far west (10). 

VISCOMACULA gen. nov. 

Hyphis in maculis in foliis vivis, congregatis in tenues pulvinos, sporulis 
massas lentas habentibus, hyalinis, brevibus cylindraceis. 

Hyphae in spots on living leaves, grouped in extensive shallow 
pads, spores formed in sticky masses, hyaline, short cylindric. 
Differs from Rhynchosporittm in the appreciably thicker mycelial 
pad and in the gelatinous spore masses. 

Viscomacula aenea sp. nov. 

Macula aenca, margine aureo, centre pallido-aeneo, 4-20 X 2-4 mm.; hyphis 
hyalinis et in foliis et pulvinis tenuibus superficialibus 2-6 cellas crassis; 
sporulis tenues aeneas lentas massas, ultimo aridas habentibus, hyalinis, 
brevibus cylindraceis, apice rotundato, raro basi subacuminata, aseptatis, 
pseudo-multiseptatis (duas vel plures guttulas habentibus), (5.6)6-9(10) X 
(1.4)1.6-2.0(2.3)/i. 

Hab. in foliis vivis Poae amplae Merr., inter Loveland Pass ct Silver 
Plume, Colo.; Amer. Bor. Typus est A.S. 20,538. Legit. Sprague, R., 
Fischer, G. W. et Meiners, Jack P. Aug. 8, 1948. 

Spots copper colored, margins yellow, center pale copper colored, 
4-20 X 2-4 mm., hyphae hyaline in the foliage and also aggre¬ 
gated on the leaf surface in interrupted shallow gelatinous masses 
2-6 cells thick. Spores in small, sticky, copper or carrot colored 
masses, finally hard and dry, and thefi> obscure; spores borne on 
ill-formed conidiophores on the flat fruiting areas, short cylindric, 
ends rounded or sometimes one end somewhat pointed, hyaline or 
very faintly yellowed, contents biguttulate and giving appearance 

^ Published as Scientific Paper No. 905, Washington Agricultural Experi¬ 
ment Stations, Institute of Agricultural Scieno^ State College of Washington. 

2 Pathologist, Tree Fruit Experiment Stafl<^ Wenatchee, Washington. 
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of a wide central septum or rarely 2 such cleared spaces, but no 
true cross walls seen, (5.6)6-9(10) X (1.4) 1.6-2.0(2.3) fj,. 

Habitat in living leaves of Poa ainpla along a stream-side meadow 
below T.oveland Pass and about 10 miles up U. S. Highway 6 from 
Silver Plume, Colo. Type is A. S. 20,538, consisting of about 12 
leaves of which only 4 or 5 are good material. 

This fungus, collected at an elevation of about 9500 feet, is 
an active parasite, causing well-defined spots on leaves in part of 
the somewhat scanty type. Tt is distinct from anything else which 
we have seen. The fruiting pad is too well-developed for Rhyncho- 
sporium orthospormn Caldwell and its apparent sticky or some¬ 
what gelatinous spore mass distinguishes it from the dry spore 
masses of Rhynchosporium. It reminds one of copper spot, 
Glococcrcospora sorgiti D. Bain and Edg., but the spores in the 
Colorado fungus are utterly different. They also differ radically 
from Ramtilispora. Its definite moniliaceous nature tends to ex¬ 
clude it from Glocosporium. G. meinersii f. alpina on Poa alpina 
Merr. has larger spores, 10-14 X 3-4/a (10). 

The fungus is apparently an uncommon genus on alpine or sub- 
alpine grasses. The region, about 10 miles above Silver Plume, 
Colo., along U. S. Highway 6, was a favorable area for collecting 
sub-alpine leaf spots. 

Material on Deschampsia atropurpurea collected by Fischer at 
Logan Pass, Mont., was partly destroyed by insects in the packet 
before examination was completed. Spores were still present, but 
no fruiting bodies remained. The spores were of one species. 
They may represent a fungus of mycological interest because the 
insect-riddled lesions indicated that the remaining fungus may have 
originally caused the spot. The spores are pale brown, elliptical- 
cylindrical, 8.5-14x4.2-5.7/4 (fig. 1, A). Further material is 
needed to determine whether this fungus is only a saprophyte on 
the insect frass or is a parasitic fungus. If pycnidia were present 
(Sphaeropsis), they certainly were completely destroyed. If it is 
a member of the micronemae of the Dematiaceae of the Monil- 
iales, a new genus would need recognition. 

Stagonospora spartinicola sp. nov. 

Maculis incoloratis v. stramineis, elongatis; pycnidiis obscuris, immersis, 
sub-globosis, parenchymatis, brunneis, ostiolatis, 150-280/4 diam.; pycno- 
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sporulis cylindraceis; constrictis ad septa, utrinque rotundatis, contextu 
guttulatis, hyalinis, 3-5 septatis, 40-47 X 6-9 

Hab. in foliis vivis et emortuis Spartinae pectinatae Lk., prope Wilton, 
N. Dak., Amer. Bor. B.P.I. 80,798, Sept. 14, 1941 (type) et Madison, Wise. 
(H. C. Greene) Aug. 13, 1949. 

Spots none or when present straw color, drab, faintly buff or 
light tan, elongate up to 60 X 1.5 mm. diam.; pycnidia immersed 
but with a relatively large ostiole visible through the slight rupture 
in the host epidermis, sub-globose to moderately flattened or ellip¬ 
tical in outline, thin walled, parenchymatous, pale brown becoming 
nearly hyaline in the vicinity of the ostiole, 150-280^ diam.; pyc- 
nospores cylindrical, constricted at the septa, ends rounded but one 
more regularly so than the other, contents coarse including a large 
chlorinous guttula, 3-5 septate, 40-47 X 6-9 /a. 

On living or dead leaves of Spartina pcctinata near Wilton, N. 
Dak. and Madison, Wise. 

This fungus is characterized by the sunken, flattened, pale- 
colored pycnidia and the cylindrical spores (fig. \B) which are 
larger than those of St, vexatula Sacc. to which they show closest 
relationship. St. vexatula on Phragmites has spores 35-38 X 4.5- 
5.0 fjL, but some are as long as 55 /a. Septoria arundinacea Sacc. 
has spores 60-70 X 5-6 /a. They are longer and narrower than 
the fungus on Spartina, We have been reluctant to consider this 
fungus as undescribed because of the complex of related forms on 
coarse marsh grasses. These pycnidial forms involve a considera¬ 
tion of not only St. vexatula but nearly twenty other species de¬ 
scriptions. A detailed study of this group indicates, however, that 
St, spartinicola has wider, coarser spores than any of them. The 
type material from North Dakota, which was apparently sapro¬ 
phytic, is supplemented by a fragment sent by H. C. Greene from 
Madison, Wise. The lesions in4his material are well delineated 
and as much as 60 X 1.5 mm. diam. The spores in each collection 
are very similar, both having large chlorinous guttulae apd both 
varying in number of septa from three to five. The species is 
likely to prove to be one having seven septa in overwintering 
material. The spores are cylindrical, but one end tends to be 
slightly blunter than the pther. This aspect, plus strong but vari¬ 
able constrictions, gives the spores a rugged, coarse appearance 
which I have not been able to completel^rportray in a simple line 
drawing. 



Fig. 1. Spores drawn with the aid of the camera lucida, X 1,000. A, 
Undeterminable, from insect-eaten spots on Dcschampr’a atropurpurea. B, 
Stagonospora spariinicola on Spartina pectinata, type. C, Apiocarpclla 
macrospora on Poa ampla, near Silver Plume, Colo. D, Stagonospora sim- 
plicior on Mclica bulbosa, Waterton Lakes Nat’l Park, Alta. E, Septoria 
avenae on Calamagrostis canadensis, Baker Hole, Mont. F, Scaphidium 
boufelouae on Boutcloua curtipendula, Santa Catalina Mts., Ariz. G, Phleo- 
spora muhlenbcrgiae, from type. H, Stagonospora simplicior (Ascochyta 
summer stage) on Stipa Columbiana var. nclsonii, Mt. Shasta, Calif. /, 
Ascochyta boutelouac (cfr. Diplodina graminca) on Sporobolus air aides, 
Pullman, Wash. 





762 


Mycologia, Vol. 42, 1950 


ADDITIONAL SPECIES 

Apiocarpella macrospora (Speg.) Sydow was found on a 
few leaves of Poa am pi a Merr. below Loveland Pass on U. S. 
Highway 6 toward Silver Flume, Cok)., by the writer, Fischer, 
and Meiners (A. S. 20,537). One or two dark brown pycnidia 
with closed (but developing) ostiolar regions occurred in fawn- 
colored, elliptical spots on living leaves. The spores (fig. 1C) 
differed from saprophytic material of A. macrospora on Stipory- 
zopsis from California (9) in that most, but not all, of them were 
broadly cylindrical and blunt, even at the smaller end. They 
measured wider (8.5-10/i, compared with 6.6-8.S fi) but not 
longer (21.4-26 /a, compared with 21-26 /a) than the California 
collection. Since some of the Colorado spores were pointed at the 
smaller end and typical of A. macrospora, it is questioned if this 
collection warrants separating from the California specimen pre¬ 
viously discussed. 

Stagonospora simplicior Sacc. and Berl. is not uncommon as 
a parasite of Stipa spp. and other grasses in western mountains. 
The fungus on Stipa usually has 1-septate, short, thick, spores 
(fig. ID) which we believed might be Ascochyta stipae Died. On 
comparing further, it became evident that Diedicke (2) illustrated 
a different fungus. His fungus had thick-wall spores, whereas, 
St. simplicior has thin-wall spores and a strong constriction at the 
central septum. 

The material on Stipa was arranged for separation from the 
species proper and a description prepared. Further study showed 
that the parasitic summer material developed shorter spores (fig. 
ID), but all gradations were found. It is apparent that St. sim- 
pikior, St. simplicior var. andropogonis Sacc. and our material on 
Stipa and other mountain grasses can just as well be grouped to¬ 
gether. It will be well, however, to publish an English description 
of the summer developing phase on Stipa, since it differs some¬ 
what from the original description of the sj[)ecies: 

Spots maroon to vinaceops, sub-circular, ^prominent but scattered 
on the leaves, centers of spots paler, finallj^ straw color; pycnidia 
few, large, globose, erumpent, golden-h^^Wn, 150-2(X)/ji diam.; 
spores broadly cylindrical, ends bluntly' rounded, strongly con- 
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stricted at the central septum, sometimes each half again partially 
divided by developing septum, guttulate, 1-septate phase 17.5-26 X 
6.5-9.5 /i, 1- to 3-septate phases occur on dying leaves, 24—31 X 9- 
11.0/i, hyaline. Differs from winter material and from var. 
andropogonis in having less robust spores. 

Hab. in living or necrotic leaves of: Stipa Columbiana Macoun, 
Medicine Bow Nat’l For., Wyo. (A. S. 20,153); S, columbiana 
var. nelsonii (Scribn.) Hitchc., Mt. Shasta, Calif., Utah; S', lem- 
monii (Vasey) Scribn., Malheur Nat’l For., Oregon; S, letter- 
manii Vasey, Skyway, Colo.; S', occidentalis Thurb., 10 miles 
n.w. of Sisters, Oregon (A. S. 20,511); S', viridula Trin., North 
Dakota; S', williamsii Scribn., Medicine Bow Nat’l For., Wyo. 
(A. S. 20,526); Stipory::opsis bloomeri (Boland) Johnson, Mt. 
Whitney, Calif. 

While the material on Stipa, which was found on living leaves, 
is typically that of a large-spored species of Ascochyta, we have 
found spores in pycnidia on dead leaves of Stipa that are longer, 
broader, and with 3 septa forming. These spores are very similar 
to immature ones of Stagonospora simplicior, St. simplicior is a 
common saprophyte on a number of grasses (10) but is not infre¬ 
quently now found to attack healthy plants. Greene has collected 
material of St. simplicior f. andropogonis, on several hosts from 
Wisconsin, that appeared to be actively parasitic. The living leaves 
harboring the Ascochyta phase of the SHpa collections have very 
evidently been invaded by the fungus. Saprophytic material, how¬ 
ever, occurs on darker dead leaves in Stipa columbiana and 5. 
lettermanni. The pycnidia on S. lettermanii contain spores 24- 
30 X 9.0-10.8 ft. Those on S. columbiana have very similar spores 
24-31 X 9-11 ft. 

Stagonospora simplicior on Melica bulbosa (fig. ID) was grow¬ 
ing with Septoria nodorum Berk, in tawny spots on living leaves 
and sheaths collected by G. W. Fischer at Waterton Lakes NatM 
Park, Alta., Aug. 7, 1949 (A. S. 20,504). While S. nodorum was 
more abundant in the lesions than the Stagonospora, both were 
apparently parasitic. The spores of the Stagonospora were coarsely 
cylindrical, strongly constricted at the first, later at the third septum, 
somewhat blunted at the ends, the contents coarsely granular but 
hyaline, 26.8-36 X 9.8-12.8fi (fig. ID). The pycnidia were much 
larger than those of 5*. noddrum (about 150-180 ft as contrasted with 
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90-140/It), but otherwise they were similar in appearance in the 
spots. The Stagonospora spores, however, did not readily ooze 
from the pycnidia as did the much smaller and maturer Septoria 
spores. 

We also have some material on Festuca ovina L. (A. S. 20,527) 
from Skyway, Colo., with yellow spores 29-38.6 X 8.5-12.1 /i borne 
on dead brown leaves on living plants. This fungus also is Sf. 
simplicior and similar to another collection on F, ovina var. brachy- 
phylla from Skyway (10). A collection on Sporoholus air aides 
from Pullman, Wash. (fig. 1/), was withheld from a monographic 
discussion of Ascochyta by myself and A. G. Johnson (11) because 
the spores had the same general shape as those of St. simplicior 
although they were very much smaller. It probably is a species of 
Ascochyta and resembles A. boutelonae Fairman which is the same 
as Diplodina graminea. A combination placing the last mentioned 
in Ascochyta was made elsewhere (11). 

Ascochyta stipae Gonzalez-Fragoso (3) has ovoid-oblong spores 
7-8 X 2.0-3.5 ft. It is, therefore, entirely distinct from St. sim- 
plicior. Ascochytella stipina Petrak (4) also has much smaller 
spores than St. simplicior, 7-13 X 3-5 p.. 

Septoria tritici Rob. in Desm. was found on dead leaves and 
sheaths of rye plants {Secale cereale L.) collected by B. F. Dana 
in acid soil at Shelton, Wash., June 23, 1919 (C. S. 679). The 
plants were also affected with Ophiobolus graminis Sacc. and 
Rhisoctonia solani Kuehn, both attacking the base of the culm (1). 
The Septoria has typical microspores and straight or curved 3- 
septate macrospores 45-70 X 1.4—1.7 ft. The fungus was unques¬ 
tionably S. tritici even though the host is certainly unusual. We 
have no record of this species on rye in this country. The host 
was growing in a humid region in acid, infertile soil and was at¬ 
tacked by rootrot and footrot organisms. This probably accounts 
for the presence of this fungus on th^juecrotic rye. S. secalis and 
5*. nodorum have much wider-appearing spores than $. tritici. 

Septoria avenae Frank caus^ a tawny spot on the leaves of 
Calamagrostis canadensis L. at Baker IJole near West Yellow¬ 
stone, Mont., collected Aug. 13, 1948 (A. S. 20,107), by Fischer, 
Meiners, and myself. The hyaline spoi(^ with somewhat granular 
contents were tapered towards the ap« and definitely blunted at 
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the base (fig. IE). The spores were only 1-septate, 21-28 X 3.8- 
4.8 fit. They are, therefore, shorter and broader than S. avenae on 
oats. The pycnidia are comparable, however, light golden brown, 
90-130/X diam., borne in typical lesions. This fungus could, of 
course, be classed as a 1-septate phase of Stagonospora arenaria 
Sacc., but this fungus appears to be less frequently encountered 
on the Agrostideae than on the Ilordeae of the Gramineae. S. 
avenae was seen on Agrostis exarata Trin. from northern Idaho. 

Septoria arundinacea Sacc. was found on dead leaves of 
Deschampsia caespitosa (L.) Beauv. on the shore of Priest Lake, 
Ida., by the writer and Mary Sprague (A. S. 20,542). The Spores 
in this material are very large, 60-92 X 4.8-6.0 /x, slightly tinted, 
with small oil drops. They were bacillar, somewhat squared at 
the ends, slightly to scarcely constricted at the 3-6 septa, and some¬ 
what brittle. The pycnidia were large, sometimes multilocular with 
1 to 3 ostioles, strongly erumpent. This fungus is closer to Sep- 
toria than to either Phacoseptoria or Ilcndcrsonia. I'his material 
is the first which I have seen from western America, although it 
probably is common on coarse marsh grasses in the eastern United 
States. 

I doubt if the fungus is actively parasitic on Deschampsia caespi¬ 
tosa, a host resistant to most fungi. 

Ascochyta braciiypodii (Sydow) Sprague and A. G. Johnson 
(11) was found on Andropogon scoparius Michx. near Flagstaff, 
Ariz., by Sprague, Fischer, and Meiners (A. S. 20,543), on over¬ 
wintered leaves. The spores had pointed ends as in North Dakota 
material on Andropogon. The collection represents an extension 
of range and host for the fungus. 

ScAPHiDiuM BOUTELOUAE Clements was collected on Bouteloua 
curtipendula (Michx.) Torr. by W. G. Solhe^’m and Ragnhild 
Solheim from the Santa Catalina Mts., Ariz. (Rocky Mtn. Herb. 
2447) and Silver City, N. Mex. (Rocky Mtn. Herb. 2390). The 
fungus produces linear brown or gray lesions with brown borders, 
or in later saprophytic activity the entire lesion may be gray or 
dull black and wdth indefinite borders. In collection 2447, the 
brown-bordered lesion is surrounded by green tissue and is evi¬ 
dently the result of parasitic invasion of the living leaf. These 
lesions were 1-4 X 0.4-1 mm. diam. with fawn-colored centers. 
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The pycnidia were black, flattened globose to somewhat elongated, 
breaking open at the apex and 60-100 /i diam. The spores were 
curved, fusiform-obclavate (fig. IF), yellow, 19-30 X 2.8-5.3 /i. 
The type of this is not available for study, and I based my deter¬ 
mination on the description. 

Phleospora muhlenbergiae Sprague and Solheim on Muhlen- 
bergia arisonica Vasey was recently described (5). An illustra¬ 
tion of the pycnospores is included at this time (fig. 1G). 

Phyllosticta owensii Sprague was originally found on Dacty- 
lis glomerata L. along the seacoast in Oregon. A. C. Goheen col¬ 
lected comparable material in a bog near Long Reach, Wash., July 
19, 1949 (A. S. 20,510), on a very different host, Panicum capiP 
lare var. occidenfale Rydb. The obscure lesions on the basal and 
sub-basal leaves are gray to brown. The pycnidia are small and 
black, containing bacillar-shaped spores, 3-4 X 1.0-1.4/a, which 
are exuded in agglutinated masses. This material is distinct from 
F. panici E. Young and P. sorghina Sacc. 

Spermospora subulata (Sprague) Sprague is associated with 
a light buff, elliptical red-bordered spot on Trisctum spicatiim (L.) 
Richt., collected by G. W. Fischer in high country at Logan Pass, 
Glacier Nat’l Park, Mont. (A. S. 20,501). This is a new host- 
genus for the fungus. Fischer also collected the same fungus on 
Bromus vulgaris (Hook.) Shear in a devirs club thicket at Ava¬ 
lanche Lake in Glacier Nat'l Park, Mont. (A. S. 20,503). The 
lesions were gray, blasted areas on living leaves. A fungus which 
occurs on Stipa lettermanii Vasey near Cameron Lake, Waterton 
Nat*l Park, Alta., is also assigned to S. subulata (A. S. 20,506, 
legit. G. W. Fischer, 1949). 

Cercospora boutelouae Chupp and Greene was collected by 
the writer and Jack Meiners along Buckhorn Creek, Roosevelt 
Nat’l For., Colo., in Aug. 1948, on Bouteloua gracilis (H;. B. K.) 
Lag., a new host. The spores were4ight brown, otherwise the 
same as the fungus described by Chupp and Greene. The narrow 
spots on living leaves have ashy centers, while those on dead leaves 
are usually uniformly dark because of the accumulation of conidio- 
phores. Part of this material was sent^ to, Greene who forwarded 
it to Chupp for study. C. bouteloua e related to C. apiu 
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OvuLARiA PusiLLA (Uiig.) Sacc. and D. Sacc. causes a dark 
brown to sepia, elliptical spot on living leaves of Alopectirtis al- 
piniis J. E. Smith, near Hotel Many Glaciers, Glacier Natl Park, 
Mont. The material was collected Aug. 8, 1949, by G. W. Fischer 
(A. S. 20,505). Except for a collection of Puccinia poae-siideticac 
(West.) Jorstd. from Colorado, this appears to be the only para¬ 
sitic fungus reported on this unusual appearing alpine grass. 0. 
pusilla was also collected on Agrostis oregonensis Vasey in Glacier 
Natl Park by Fischer. He also brought material of Elymus 
glaiicus Buckl. from Kootenay Park, B. C., infected with O. pusilla. 
This seems to be the first report of the fungus from western Canada 
and the first report of it on the genus Elymus. The spots were 
elliptical in shape and fawn-colored. 

Oviilaria pusilla also causes a tan leaf blight on the filiform 
leaves of ^IgrosHs hit mil is Vasey at Togwotee Pass in the Teton 
Natl For., Wyo. (Sprague, Fischer, and Meiners). This appears 
to be the first report of a parasitic fungus on this tufted alpine bent. 
0. pusilla is much more common on western grasses than is gen¬ 
erally believed. The spores are so few in most water mounts that 
the fungus is frequently overlooked unless one is familiar with the 
symptoms or notes the small glistening tufts of conidiophorcs under 
a binocular (X 45). 

Riiyncitosporium ORTirosPORUM Caldwell was collected on 
Agropyron subseciindmn by Alvin Law and Verne Comstock in 
Bountiful Canyon, Utah, July 13, 1949. The sub-hyaline spores 
were extremely variable in size and shape. A few had a faint 
tendency towards formation of obliquely hooked apices as in R. 
secalis. Some of the spores were straight and typical for R. ortho- 
sporum, averaging 13-17x3-4 /a. Other spores were capsular 
shaped and so aberrant as to have little resemblance to the others. 
Some were distinctly swollen and others Indian-club-shaped. The 
capsular forms averaged about 7 X 4.2 fi. These spores were borne 
in straw colored, elongate sheath spots with reddish brown borders. 
They resemble sharp eyespot {Rhizoctonia solani Kuehn) or straw- 
breaker eyespot (Cercosporella herpotrichoides Fron) on wheat. 

It is likely that the above-mentioned Rhynchosporium is not an 
undescribed species but an aberrant form of R. orthosporum modi- 
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fied by heat, following conditions that had been favorable to the 
fungus. We have seen unusual material of Rhynchosporium on 
Elymiis glaucus Buckl., in Linn County, Oregon. This fungus, 
however, develops year after year in late winter in the same re¬ 
stricted area near Corvallis, Oregon. R. orthosporum has been 
collected on Agropyron suhseciindum near Trude, Ida., but this 
material is not polymorphic as is the Utah collection. Typical 
material of R, orthosporum was also found on A, subsecundum 
var. andintim (Scribn. and Sin.) Hitchc. at an elevation of 11,316 
feet on Fremont Pass, Colo. (A. S. 20,532). R. secalis was 
found on A, subsecundum at Pullman, Wash. 

Rhynchosporium secalis (Oud.) J. J. Davis was collected on 
PhaJaris arundinacea L. at Waterton Lakes, Alta., by G. W. 
Fischer. The spores are definitely intermediate between R. ortho¬ 
sporum and R. secalis, but it was assigned to the latter because 
the spores, or at least some of them, tended to be obliquely hooked 
at the apex. R. secalis was also collected on Phalaris near Leaven¬ 
worth, Wash. 

Stagonospora subseriata (Desm.) Sacc. occurs in brown 
blotches on leaves of Elymus mollis Trin., collected by Austin 
Goheen on Neptune Beach (Puget Sound), Whatcom Co., Wash. 
(A. S. 20,539). This fungus was collected on the same host in 
Oregon (6) with spores 20-33 X 4.5-5 f*. The material from 
Washington is. worthy of note because it gives indications of para¬ 
sitic activity. Our collections have pycnospores which are narrow 
for this species, but we believe that they represent the same organ¬ 
ism. Goheen's specimen had sunken light brown pycnidia with the 
apex of each pycnidium protruding, ostiolate, spores yellow, guttu- 
late, fusiform-cylindric, sometimes constricted at the septa, 23-30 
X 4-5 /X. 

Septoria nodorum Berk, caused a prominent purplish brown 
glume blotch on heads of Agropyro,i^jpicatum (Pursh) Scribn. 
and Sm. growing in open woods north of Underwood, Wash, 
(legit. G. W. Fischer and Jack P. Meiners). The spores were 
1-septate, 15-18 X 3.0-3.2 /*. This is typical for the summer Asco- 
chyta phase of 5*. nodorum. This is appaiPCntly the first report on 
A. spicatum. We also have material-iif S', nodorum on Melica 
bulbosa from Skyway, Colo. (A. S. 2di^4). This collection has 
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circular to elongate, buff or fawn colored, sometimes vague spots, 
surrounded by brown tissue. The golden brown pycnidia have 
cylindrical hyaline or faintly greenish 1 -septate spores, 17-20 X 
2.4-3.4/i.. This appears to be the same species as W. B. Cooke 
collected on Melica californica Scribn. on Mt. Shasta, Calif. (9). 
S, nodornm was collected on Stipa viridiila Trin. at Gunnison, 
Colo. The spores were 14-23 X 2.2-2.8 fi, mostly AscochytaAike 
but somewhat more mature and 3-septate. It is difficult to segre¬ 
gate S, nodornm from immature material of S, avenae. On the 
basis of spore size, we must call these S. nodorum. 

ScoL^:coTRlCHUM GRAMiNis Fckl. oti Glyccria leptostachya 
Huckl., collected near Rochester, Wash. (A. S. 21,622), repre¬ 
sents the first report of a parasitic fungus on this comparatively 
rare grass. 

Helminthosporium dictyoides Drechsl. was collected on Fes- 
tuca pcu:ifica Piper near Colfax, Wash. (A. S. 20,518). H. dic¬ 
tyoides is not common in the west, even on F. elatior. The collec¬ 
tion on F, pacifica represents the only known specimen of H. 
dictyoides on an annual species of fescue. 

Stagonospora AGROSTiDis f. ANGUSTA Sprague was found min¬ 
gled with rust pustules of Puccinia scaber (Ell. and Ev.) Barth, 
on leaves of Stipa robiista Scribn. near Stout, Colo. (A. S. 20,521). 
The spores were the same as in the type originally described on 
Stipa viridiila, 

Septoria glycericola Sprague was found in faded spots on 
Glyceria grandis S. Wats, near Lolo, Mont. (A. S. 20,524). The 
pycnidia were black, thick-walled, small (60-100/x). The spores 
were also small, 15-24 X 1.6-1.9/i, 0-1-septate, filiform clavulate. 
This material compares with a collection on G, grandis from Bis¬ 
marck, N. Dak. (8), which had summer spores, 10-15 X 1.3-1.6/ix. 
These are believed to be summer phases of S, glycericola. 

Septoria andropogonis J. J. Davis occurs on Stipa robusta 
Scribn. near Stout, Colo. (A. S. 20,528). The spores appear 
immature, 1-septate, blunt at the base, pointed at the apex, 28-40 
X 2.6-3.5 /i. We have found 5*. andropogonis f. sporobolicola, 
with spores 40-73 X 2.4-3.4/x, on Stipa comata Trin. and Rupr. 
at Mandan, N. Dak. (7). We have since found the same fungus 
on Stipa viridula in several states. The material on Stipa robusta 
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has shorter, proportionately stouter spores than /. ^orobolicola but 
otherwise comparable. Some of the spores are ill-formed. Some 
have one cell empty, or the spores are distorted or twisted at the 
apex. The pycnidia are deep seated and occur in dull gray-brown 
lesions. The specimen on S, robusta possesses spores which are 
somewhat intermediate in size between 5*. andropogonis and /. 
spofobolicold. The entire series of collections available on coarse 
prairie grasses now indicates that 5*. andropogonis and its sub¬ 
divisions are not segregated by sharp boundaries. Of course, the 
extremes, the extremely short S, andropogonis and the extremely 
long var. sorghastri Greene and Sprague, are readily distinguish¬ 
able. 

Helminthosporium tritici-rkpentis Died, caused scattered 
small purple black spots on the leaves of a creeping form of Agro- 
pyron spicatum (Pursh) Scribn. and Sm. near Worley, Ida. (A. S. 
20,544). 

Helminthosporium stenacrum Dreschl. was found on Agros- 
tis interrupta L. near Ford, Idaho (A. S. 20,545). The dried 
brown basal leaves were covered with the fungus. The spores 
were 65-105 X 14-20 /x diam. borne on simple conidiophores, 
60-135 X 6.5-7.5 /x. This collection is the first report of a fungus 
on this annual introduced bent grass from the west, and possibly 
from anywhere. 

I am indebted to several collectors, but especially to G. W. 
Fischer and Jack P. Meiners for aid in gathering the material for 
study, and to Prof. Frank Potter, Emeritus Professor of Philoso¬ 
phy, W. S. C., for revising the Latin descriptions. I appreciate 
the assistance of the Editor, Alexander Smith, who has made 
editorial suggestions. 
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STUDIES IN THE LOWER CHYTRIDIALES. 
II. ENDO-OPERCULATION AND SEXU¬ 
ALITY IN THE GENUS DIPLO- 
PHLYCTIS ‘ 

R. H. Haskins 2 
(with 10 figures) 

It is almost inevitable that in any extensive investigation 
(Haskins and Weston, 1950) of a group of organisms as di¬ 
verse and as little known as are the lower Chytridiales, new 
and interesting things will he encountered. 7'his was especially 
true in studies made on the Diplophlyctis-Nephrochytrium group 
of chytrids. On the basis of operculation, Sparrow (1943) has 
rather widely vseparated the inoperculate genus Diplophlyctis from 
the operculate genus Ncphrochytrimu. These two genera are alike 
in many ways, and hence confusion has arisen with the description 
of chytrids similar in more respects to Diplophlyctis than to Neph- 
rochytrium, yet assigned to the latter genus because of the pres¬ 
ence of‘*endo-opercula” (Karling, 1944). Investigations described 
in the present series of studies have revealed that there exist forms 
that may be either inoperculate or ‘‘endo-operculate,’' 

Haskins (1939) mentioned a species of Diplophlyctis which was 
considerably coarser and larger than Diplophlyctis intestina 
(Schenk) Schroeter. This new species followed closely much 
of Karling's (1928, 1930, 1936) developmental description for D. 

1 This paper covers a pprtion of a dissertation presented in partial fulfilment 
of the requirements for the degree of Doctor of Philosophy at Harvard 
University in 1948. 

- Present address: National Research Council, Prairie Regional Labora¬ 
tory, Saskatoon, Saskatchewan, Canada. 

Sincerest thanks are expressed to Professor Wm. H. Weston, of Harvard 
University, under whose kind and inspiring guidance these researches were 
carried out, to Dr. B. Boivin, Ottawa, for, th^ Latin diagnosis and to The 
Edmund Niles Huyck Preserve Inc., Renss^^r^lle, New York, for research 
and collecting facilities during the summer^i^f 1947. 
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intestina particularly in regard to variation in shape of zoospo¬ 
rangia, size of zoospores, and morphology and germination of the 
resting structures. Further studies of this Diplophlyctis in con¬ 
nection with the present work have yielded additional information, 
for in addition to its larger size, the organism differs somewhat in 
thallus development, in the occasional presence of so-called “endo- 
opercula,” and the presence of sexually-formed resting spores. 

As for size, the spherical sporangia extend up to over 170/x in 
diameter, though the dimension in one direction may exceed this 
in irregular zodsporangia. The thallus appears very coarse when 
compared with the delicate thallus of /L intestina growing in 
Nitella internodes. The exit tubes, one or several, may be very 
short and broad, with reflexed rims, or may be long and narrow, 
extending up to ISO/a from the main body of the zodsporangium. 

In the development of the thallus there is a deviation from the 
sequence of events described by Karling (1930) for D, intestina 
and later confirmed by Sparrow (1936). According to their ob¬ 
servations, the apophysis is laid down after the rudiment of the 
sporangium is formed. In Mcphrochytrimn the sporangium forms 
as a ])ud from the wall of the apophysis. In the present species, 
the se(juence is as follows: at the end of a l)ranch (usually a short 
lateral one) of a germ tube from the encysted zoospore, a tiny 
more or less dumb-bell-shaped swelling appears. The distal part 
of this swelling enlarges more rapidly than the ])roxinial part (fig. 
1), and l)ecomes the rudiment of the zodsporangium, while the 
proximal swelling enlarges to become the ai)ophysis (fi(;s. 2-4). 
The apophysis, then, appears at the same time as the sporangium. 
The connection or isthmus between the apophysis and the sporan¬ 
gium is always broad and has not been observed to be narrow as 
with D. intestina or with the species of Ncphrochvtrium. 

The presence of so-called “endo-opercula'' in this group has 
created considerable taxonomic uncertainty, similar to that to be 
described in a later paper of this series, for the Rhisophlyctis-etc. 
Group. Nephrochytrium stellatum Couch (Couch, 1938) dehisces 

. . always with a distinct cap,” as does Nephrochytrium auran- 
Hum Whiffen (Whiffen, 1941). In D. intestina and Diplophlyctis 
laevis Sparrow the dehiscence is inop^rculate. On the basis of the 
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presence of variously located “endo-opercula,” Karling (1944) has 
placed Nephrochytrium amazonensis Karling in the genus Nephro- 
chytrium, at the same time emphasizing its great similarity to the 
genus Diplophlyctis, Our species, in rapidly growing cultures, 
dehisces in a normal inoperculate manner and occasionally after 
extrusion of a gelatinous plug (fig. 7), but in older stagnating 
cultures, after the deliquescence of the gelatinous tip of the exit- 
tube has occurred, the membrane between the protoplasmic content 
of the sporangium and the external medium thickens (fig. 5). 
This membrane may thicken so as to form an endo-operculuni-like 
structure (fig. 8), which at subsequent dehiscence of the sporan¬ 
gium may merely rupture (fig. 6) or may be forced out as a cap 
as described for N. amazonensis (Karling, 1944). 

A study of the formation of the resting spores of the present 
strain yielded interesting and important information. The size of 
the resting structure (16-23/*) was found to be remarkably uni¬ 
form, even when the organism was grown on media on which the 
vegetative thallus size varied greatly. This observation prompted 
a careful search for evidence of sexuality. This was soon found, 
but the sexuality was of a rather different type from that for which 
Sparrow (1936) had already presented evidence. 

Though apparently normal resting spores were often found re¬ 
mote from other fungi on a piece of substrate, the majority were 
observed to be in groups of 2 to over 30 individuals. Examina¬ 
tion of the smaller and more spread-out groups revealed the pres¬ 
ence of small, thin-walled thalli which appeared to contain only the 
emptied cysts of zoospores that had encysted in situ. From these 
cysts fine rhizoid-like germination tubes extended through the spo- 
rangial wall into the surrounding medium, where many of them 
were in open connection with the rhizoidal systems of fully devel¬ 
oped resting spores (figs. 9-10). 

When the group illustrated in fi^re 10 was first observed, the 
resting spore on the extreme left was hyaline, small, and obviously 
undeveloped with a thin, but faintly spiny wall. All of the cysts 
within what we may call the “male” thajlus, were empty with the 
exception of the one which was connected with the above-mentioned 
rudimentary resting spore. The coiftents of this cyst in a few 
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hours had entered the connecting tube where the large refractive 
globule caused a local distension of the tube. This globule was 
observed t 9 move slowly along the tube towards the resting struc¬ 
ture and within about an hour had entered its apophysis. Obser¬ 
vation had to be discontinued, but by the following day the globule 
was no longer in the apophysis, and the resting spore had become 
a brown, thick-walled, spiny resting structure. The material at 
this point was killed and fixed. Cytological studies of this phe¬ 
nomenon will be undertaken to provide supporting evidence that 
a sexual fusion has actually occurred. 

The rhizoidal connections of the cysts within the thin-walled 
“male” thalli to the resting spores have been observed many times. 
Single normal resting spores have been found remote from all other 
thalli, and these have germinated normally, functioning as pro¬ 
sporangia to produce single sessile, thin-walled zoosporangia. This 
indicates that resting spores may also be formed asexually. Sup¬ 
porting the foregoing evidence for the presence of sexuality in this 
new^ species, are “male” thalli with contents in the cysts, but in 
connection with no other thalli—these have not been observed to 
develop further other than to produce the rhizoidal germination 
tubes (figs. 9-10). In addition to these isolated “male” thalli, 
are found isolated, small, hyaline, thin-walled, minutely-spiny, un¬ 
developed resting spores, that also have never been observed to 
develop further presumably because rhizoidal outgrowths from the 
“male” thalli failed to reach them. 

Because of the coarseness and larger size of the thalli, the man¬ 
ner of development of the thallus, the broad isthmus between the 
apophysis and the sporangium, the inoperculate l)Ut occasionally 
“endo-operculate” nature of the sporangium, and the type of sexu¬ 
ality, this organism is believed to be a species of Diplophlyctis other 
than D, intestina (Schenk) Schroeter and D, laevis Sparrow, and 
therefore is considered new. It is cliaracterized by its relative 
coarseness and its hitherto undescribtd type of sexuality, and is 
accordingly named Diplophlyctis sexualis, 

Diplophlyctis sexualis n. sp. 

Zoosporangiis plerumque intramatricalibus, laevibus, hyalinis, globosis vel 
variatim formatis, 50-170 M. Tubulis exeuntibus 1-5, brevibus rarius elonga- 
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tis, 10-150obturaculo gelatinoso, interdum cum endooperculis. Zoosporis 
globosis vel subglobosis, 5-6/*, cum globulo uno refractive, 2-4/*. Vesiculo 
subsporangiali cum zoosporangio in isthmo ample jugate, eriente une atque 
eedem tempore quam sporangio. Rhizoidibus robustis. Sporis perdurantibus 
globosis, 16-23/*, membrana crassa echinulataque, sexualiter vel asexualiter 
orientibus. Aplanogametibus masculis encystantibus in situ, i.e., in game- 
tangio, copulatio per rhizoidales anastomosas. Sporis perdurantibus prospo- 
rangio vice in, germinatione fungentibus ut surgat per poram exiguum zoo¬ 
sporangium extramatricale evanescens. 

Asexual thallus monocentric, usually intramatrical, consisting of 
a sporangium or resting spore subtended by an apophysis from 
which arises a somewhat coarse, branched rhizoidal system. Spo¬ 
rangia hyaline, smooth, spherical, 50-170 /a in diameter, or vari¬ 
ously shaped, walls not staining with zinc chloroiodide. Exit tubes 
one to several, short and broad, or occasionally very long up to 
150/14. Dehiscence by deliquescence of tips of exit-tubes or by tip 
of tube softening to form an evanescent gelatinous plug beneath 
which an “endo-operculum*' may or may not develop. Endo- 
opercula, when formed, shallow saucer-shaped, to cone-shaped with 
long spine. Zoospores spherical to sub-spherical, 5-6 in diameter 
each with single, large, prominent, highly refractive globule and a 
30-40/Dt flagellum, remaining temporarily motionless immediately 
after discharge, intermittently amoeboid. Apophysis spherical or 
variously shaped, joined to sporangium by a wide isthmus. Spo¬ 
rangium and apophysis originating at the same time at the end of 
an usually short branch of the germination tu])e from the encysted 
zoospore. Rhizoidal system usually arising from basal half of 
apophysis, stout, extensive, and much branched. Resting spores 
spherical, 16-23 /a in diameter; contents coarsely globular; wall 
thick, layered, dark brown, densely spiny, spines short and stout 
to long and hair-like; formed asexually or only after sexual fusion. 
Female thalli as for resting spores and remaining abortive unless 
fertilized. Male thalli consisting of a gametangium, apophysis and 
rudimentary sparsely-branched rhizoidal system. Gametangium 
hyaline, thin-walled containing 4 to many gametes. Gametes en¬ 
cysting in situ producing fine sparsely-branched rhizoid-like ger¬ 
mination tubes which penetrate gametangium wall to. anastomose 
with rhizoidal system of female thallus, through which anasto¬ 
mosis the content of the male cell passes to enter the female cell, 
which immediately develops into normal, brown, spiny-walled rest¬ 
ing spore. Resting spores functioning as pro-sporangia in germina¬ 
tion, each producing one sessile, thin^wajled zoosporangium. 

Saprophytic in natural habitat in d^aying vegetable debris, read¬ 
ily developing on boiled leaves of maMt, Cellophane, and lens paper 
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submerged in water; collected in London, Ontario, Canada; Rens- 
selaerville (Albany County), New York; and Cambridge, Mass., 
U. S. A. 

The Biological Laboratories, 

Harvard University, 

Cambridge 38, Mass. 
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EXPLANATION OF FIGURES 

Figs. 1-2, Early stages in thallus development showing formation of rudi¬ 
ments of apophysis and enlarging sporangium. In earlier stages these are 
equal in size (X625). Figs. 3-5, Portions of maturing thalli (X225). 
Fig. 6, Emptied zoosporangium showing walls (“endo-opercula”) formed 
across bases of exit tubes under certain conditions (X 188). Fig. 7, Tip of 
exit tube showing gelatinous plug sometimes present in the tube (X 188). 
Fig. 8, Formation of opcrculum-likc stt^ufctures (“endo-opercula”) within 
exit tubes, the tips of which have already deliquesced (X 188). Fig. 9, Two 
resting spores in connection with a male thallus (X 500). Fig. 10, Five 
mature resting spores in connection with cysts enclosed within a single male 
thallus (X 500). 

(All figures drawn with aid of a Speaoer Camera Lucida.) 



UREDINALES OF CONTINENTAL CHINA 
COLLECTED BY S. Y. CHEO. I * 

George B. Cummins 
(with 10 figures) 

The rusts reported in this paper were collected in cooperation 
between the Farlow Herbarium of Harvard University and the 
University of Nanking. All specimens are deposited in the Arthur 
Herbarium, Purdue University, and the Farlow Herbarium. Spe¬ 
cies preceded by an asterisk have not been recorded previously 
from continental China, insofar as I have been able to ascertain. 

In general a conservative attitude has been adopted with respect 
to identifications; consequently only a few species have been de¬ 
scribed as new. This policy was followed because of the meager 
amount of Chinese material available for comparative study and 
because of uncertainty, in some cases, concerning the identity of 
the host material of Cheo's collections. With respect to both 
specimens and literature I have had the valuable assistance of Dr. 
Lee Ling of the United Nations Food and Agricultural Organiza¬ 
tions as well as access to the rust specimens in the Chinese National 
Herbarium, now deposited in the Mycological Collections of the 
United States Department of Agriculture. 

PucciNiASTRUM AGRiMONiAE (Diet.) Traiiz. On Agrimonia 
sp.: Kwangsi: Yung Hsien, Aug. 1933, (2588); Kweichow: 
Chiang K’ou Hsien, Sept. 1931, (384), 

PucciNiASTRUM POTENTILLAE Kom. On Fragaria sp.: Anhwei : 
Ch’ing Yang Hsien, Oct. 1932, (1155 ); Kiangsi: Sin Tsz Hsien, 
Sept. 1932, (1046), 

1 Cooperative investigations between the Purdue University Agricultural 
Experiment Station and the Division ol Mycology and Disease Survey, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, United States 
Department of Agriculture. Journal Paper Number 450, of the Purdue 
University Agricultural Experiment Station. Contribution from the De¬ 
partment of Botany and Plant Pathology. The first paper, based on the 
Cheo collections and covering the species of Puccinia on the Lauraceae, was 
published in Bull. Torrey Bot. Club 76: 31-C3. 1949. 
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Only uredia are present but they agree well with those of P. 
potentillae, a rust previously recorded on Potentilla fragarioides. 
The specimen consists of trifoliate leaves having the appearance of 
Fragaria, but it is possible that the host is a species of Potentilla. 
♦PUCCINIASTRUM HYDRANGEAE-PETIOLARIDIS HiratS. f. On 

Hydrangea sp.: Kweichow: Chiang K^ou Hsien, Nov. 1931, 
{872). 

PucciNiASTRUM CORIARIAE Diet. On Coriaria sinica Miq.: 
Kwe:ichow: Tsunyi Hsien, Aug. 1931, (284). On Coriaria sp.: 
Kwangsi: Ling Yuin Hsien, Mar. 1933, (1730). 

PucciNiASTRUM TiLiAE Miyabe. On Tilia tuan Szysz: Kwei¬ 
chow: Chiang K’ou Hsien, Sept. 1931, (521). 

PucciNiASTRUM CASTANEAE Diet. On Castanca sp.: Anhwei: 
Ch’ing Yung Hsien, Oct. 1932, (1385); Kweichow: Tsunyi 
Hsien, Aug. 1931, (273). 

♦Melampsoridium carpini (Fuckel) Diet. On Carpimis sp.: 
Kweichow: Chiang K’ou Hsien, Sept. 1931, (606). 

Melampsora kusanoi Diet. On Hypericum patulum Thiinb.: 
Kweichow : Chiang K’ou Hsien, Sept. 1931, (487), Tsunyi Hsien, 
July 1931, (150). On Hypericum sp.: Kwangsi: Ling Yuin 
Hsien, Mar., Apr. 1933, (1607, 1609, 1664, 1956). 

Melampsora euphorbiae-dulcis Otth. On Euphorbia chryso- 
coma glaucophylla Levi.: Kweichow : Chiang K'ou Hsien, Oct. 
1931, (656). On Euphorbia pekinensis Rupr.: Kiangsi: Hsing 
Tzu Hsien, Sept. 1932, (1022). On Euphorbia sp.: Anhwei: 
Ch'ing Yang Hsien, Nov. 1932, (1501). 

Melampsora euphorbiae (Schub.) Cast. On Euphorbia sp.: 
Kwangsi: Ling Yuin Hsien, June 1933, (2216), Lo Ch’en, Oct. 
1933, (2871). 

In Cheo's collections telia of M. euphorbiae-dulcis are present 
but only uredia of M. euphorbiae. The latter determination, con¬ 
sequently, is open to question. 

♦Melampsora yezoensis Miyabe & Matsumoto. On Salix 
longiflora Anders.: Kweichow';. Tsunyi Hsien, Aug. 1931, (263), 
Chiang K^ou Hsien, Sept. 1931, (370ei}^ 

No material of M. yezoensis has bi^n available for comparison 
but telia are epiphyllous and subcutici^r, with teliospores measur¬ 
ing 7-12 X 23-35 ft and with the api^l wall thin. The uredio- 
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spores have walls 3-6in thickness against 3-10/i, as given in 
the description of the species. The thickness of the urediospore 
wall separates this rust from M. ribesii-viminalis Kleb. although 
the telia are apparently similar. The latter species develops aecia 
on Ribes while the aecial host of M. yesoensis is Corydalis, 

^Melampsora aleuritidis sp. nov. 

Spermagoniis et aeciis ignotis. Urediis hypophyllis, subepidermalibus, 
sparsis vel aggregatis, plus minusve rotundatis, 0.2-0.5 mm. diam., flavidis, 
pulverulentis; paraphysibus plerumque capitatis, 12-19 X 40-55 membrana 
hyalina, 1.5-2 <4 crassa; urediosporis late ellipsoideis vel obovatis, 14-18 X 
18-24 M; membrana hyalina, 2-2.5 M crassa, moderate echinulata; poris germ, 
obscuris. Teliis (fig. 1) hypophyllis, subepidermalibus, denseque aggregatis 
vel confluentibus, rotundatis, 0.1-0.4 mm. diam., aureo- vel castaneo-brunneis; 
teliosporis oblongis vel prismaticis, 8-13 X 31-43 membranis ubique 1-1.5/!* 
crassis, hyalinis vel pallide brunneis; statim germ. 

On Aleurites sp.: Kweichow : Fan Ching Shan, Chiang K^ou 
Hsien, Oct. 19, 1931, 5*. F. Cheo 730 (type!). 

This is the first species of Melampsora reported as parasitizing 
Aleurites and is interesting, in addition, because the teliospores 
germinate without a period of dormancy. 

Melami\sora larici-epitea Kleb.? On Salix sp.: Anhwei: 
Ch^iilg Yang Hsien, Nov. 1923, (1433, 1489, 1500, 1518, 1589) ; 
Kweichow: Tsunyi Hsien, July 1931, (56), Chiang K’ou Hsien, 
Sept. 1931, (370). 

Most of these collections have both uredia and telia, the latter 
(fig. 5) subcuticular with long narrow spores (4-9 X 40-55 fi) 
whose apical wall is not thickened. 

While M. larici-epitea was described as having subepidermal 
telia Matsumoto (Trans. Sapporo Nat. Hist. Soc. 6: 11. 1915) 

includes both subcuticular and subepidermal rusts. It is extremely 
doubtful if such a procedure is correct and, consequently, none of 
Cheo's collection having telia (all exi^pt No. 370) probably repre¬ 
sents this species. On the other hand agreement is poor with 
named subcuticular species because of the long, narrow, non- 
thickened teliospores. 

Without adequate Asiatic Salix rusts for comparison the collec¬ 
tions are arbitrarily assigned to M. ^ricUepitea, a rust recorded 
as occurring in China on three species of Salix. ^ 
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Melampsora coleosporioides Diet. On Salix mesneyi Hance: 
Kiangsi: Hsing Tsu Hsien, Sept. 1932, (1009), 

♦Chnoopsora itoana Hirats. f. On Oxalis sp.: Kweichow : 
Chiang K’ou Hsien, Sept. 1931, (414), 

''‘Phakopsora malloti sp. nov. 

Spermogoniis et aeciis ignotis. Urediis hypophyllis, subepidermalibus, 
minutis, 0.1-0.2 mm. diam., brunneis; peridiis hemisphaericis cum paraphysi- 
bus apicalis praeditis, paraphysibus incurvatis, 13-18/* latis et usque ad 40/* 
longis, membrana 1 /*, ad apicum 3-5 /* crassa; urediosporis subglobosis vel 
obovatis vel ellipsoideis, 16-20 (-22) X (21-) 24-32 (-35) /*; membrana 1.5/* 
crassa, pallide flavida vel brunnea, minuteque echinulata; poris germ, ubscuris 
sed 4 vel 5, equatorialibus. Teliis (fig. 3) hypophyllis, subcpidermalibus, 
sparsis vel aggregatis, atro-brunneis, rotuiidatis, 0.2-0.5 mm. diam. vel con- 
fluentibus, ex sporis 2-6 irregulariter superpositis compositis; teliosporis 
variabilis, cuboideis, oblongis, vel plus minusve fusoideis, 8-13x13-30/*; 
membrana aureo-brunnca, ubique 1-1.5/* vel ad apicum usque ad 2/* crassa. 

On Mallotus sp.: Kweichow : Fan Ching Shan, Chiang K'ou 
Hsien, Oct. 26, 1931, S, Y, Cheo 786 (type!). 

If one follows Hiratsuka^s treatment of the Japanese species of 
Phakopsora (Hot. Mag. Tokyo 49: 781-788. 1935), P. malloti 
would belong in the section Physopella, in which the uredia have 
incurved paraphyses and often also a basal peridiuni. There is no 
presently named species which should cause confusion. Hiratsuka 
(Bot. Mag. Tokyo 49: 23. 1935) has described Pucciniastrum 

malloti on M. japoniciis from Formosa and based on uredia only. 
Through the courtesy of Dr. Ling 1 have seen some of this mate¬ 
rial, collected by Hashioka, and find that the peridium has apically 
free units and brownish spores. It may prove to be synonymous 
with the species named here. 

Phakopsora formosana Syd. On Glochidion sp.: Kwangsi : 
Ling Yuin Hsien, May 1933, (2094), 

Only the aecial stage is present and it appears to be identical 
with Aecidium innatiim Syd. & But! P, innata Sawada is doubt¬ 
less synonymous. 

’♦‘Phakopsora fici-erecti Ito & Otani (fig. 2). On Ficus sp.: 
Kiangsi: Hsing Tzu Hsien, Sept. 1932, (961), On Morus alba 
L.: Kiangsi: Sin Tsz Hsien, Sept. 1932, (1050), 

Recently, Tai (Farlowia 3: 98. 1947) described P, hengshanen- 
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sis on Ficus martini and F. heteromorpha from Hunan Province. 
This species has not been available for study but, from the descrip¬ 
tion, it could well be synonymous with P, fici-erecti, I have seen 
a rust on Ficus beecheyana from Formosa which appears to be the 
same as Cheo*s collections. It has been determined by Sawada as 
P. nishidana but Hiratsuka (Mem. Tottori Agric. Coll. 7: 12. 
1943; 7 : 208. 1944) assigns the Formosan material to P. fici- 

erecti while recognizing P. nishidana as a separate species occur¬ 
ring on P. carica. He cites, as hosts of P. fici-erecti, F, beecheyana, 
P. erecta, P. erecta var. sieboldii, P. formosana, and P. vasculosa. 
Neither Tai nor Hiratsuka cites Morus alba as a host. A careful 
study, with adequate material, of these species would be desirable 
and should take into account the rust usually passing as Cerotelium 
fid (Butl.) Arth. 

"^Phakopsora cheoana sp. nov. 

SpermoKoniis et aeciis ignotis. Urediis hypophyllis, subepidermalibus, 
brunneis, usque ad 120 m diam,, paraphysibus periphericis, incurvatis, plus 
minusve capitatis, 8-12 X 30-45 M; membrana in partim ventralis 1 m, in 
partim dorsalis et apicalis 3-5 M crassa. Urediosporis late ellipsoideis, 15-18 
X 22-26 m; membrana 1-1.5 m crassa, minuteque echinulata, flavida vel liya- 
lina; poris germ, obscuris. Teliis (fig. 4) hypophyllis, subepidermalibus, 
sparsis vel dense aggregatis, atro-brunneis, rotundatis, usque ad 200 m diam. 
vel plus minusve confluentibus, ex sporis 2 vel 3 superpositis compositis; 
teliosporis oblongis vel plus minusve cubicis, 6 *10 X 10-23 m ; membrana 
aureis vel pallide brunneis, ubique 1.5 m crassa. 

On Cedrela sinensis Juss.: Kweichow : Fan Ching Shan, Chiang 
K’ou Hsien, Oct. 27, 1931, 5. F. Cheo 789 (type!). 

There has been no species of Phakopsora described as occurring 
on the family Meliaceae. Since the uredia are old in this material 
and few spores are present it is possible that the description of the 
urediospores is not accurate. 

'•‘Phakopsora meibomiae Arth. On Desmodium racemosum 
(Thunb.) DC.: Kweichow: Chiang K'ou Hsien, Sept. 1931, 
(575). 

Phakopsora pachyrhizae Syd. On Glycine sojae Benth.: 
Anhwei: Ch’ing Yang Hsien, Oct. 1932, (1224) ; Kiangsi: Sin 
Tsz Hsien, Sept. 1932, (1084) ; KwB]^riow: Chiang K’ou Hsien, 
Sept. 1931, (356), On Glycine sp.: AjtHWEi: Ch'ing Yang Hsien, 
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Oct. 1932, {1231). Kwangsi: San Kiang Hsien, Sept. 1933, 
(2697). On Pueraria thunbergiana Benth.: Kiangsi: Sin Tsz 
Hsien, Sept. 1932, (1056) \ Kweichow: Chiang K'ou Hsien, 
Sept. 1931, (368). On Shitteria sp.: Kwangsi : San Kiang Hsien, 
Sept. 1933, (2763). 

The rust on Shitteria is present as ureclia and thus is only tenta¬ 
tively referred to this species. 

♦Piiakopsora meliosmae Kusano. On Mcliosma oldhami 
Miq.: Anttwei: Ch’ing Yang Hsien, Oct. 1932, (1274). On 
Meliosnm simplieijolia Roxb.: Anhwei : Ch4ng Yang Hsien, Oct. 
1932, (1250). On Mcliosma sp.: Kweichow: Fnn Ching Shan, 
Oct. 1931, (794). 

Thiruinalachar and Kern (Alycologia 41: 288. 1949) have 

transferred this species to Angiopsora since they consider that the 
spores are catenulately produced. 

Phakopsora zizYPHi-vuLGARis Diet. On Zizyphus jujuba Mill, 
var. inerinis (Bge.) Rehd.: Kweichow : Chiang K’ou Hsien, Sept. 
1931, (497). On Ziayphiis sativus Gaertn.: Anhwei: Ch^ing 
Yang Hsien, Oct. 1932, (1347). On Zii^yphns sp.: Kwangsi: 
Lo Chen, Oct. 1933, (2875). 

Phakop.sora AMPELOP.sims Diet. & Syd. On Ampelopsis sp.: 
Anhwei: Ch’ing Yang Hsien, Oct. 1932, (1363). On Pitis pen- 
tagona Diels & Gigl.: Kweichow: Sze Hsien, Aug. 1931, (344)^ 
Chiang K’ou Hsien, Sept. 1931, (390, 506). On Vitis sp.: 
Anhwei: Ch’ing Yang Hsien, Oct. 1932, (1169, 1179, 1380) \ 
Kwangsi: Yung Hsien, Oct. 1933, (2893). 

This rust has been recorded on Ampelopsis japonica, Vitis 
betulijolia, and V. vinifera in China. Both uredia and telia are 
present on most of the above collections. 

' In 1935, Hiratsuka (Bot. Mag. Tokyo 49: 857) considered the 
common grape rust to be the same as the Phakopsora on Ampelop¬ 
sis, thus reducing to synonymy IJredo vitis Thuem. and telial 
names based on it. This is undoubtedly correct since all specimens 
seen with telia, including American material, seem identical. 
Thirumalachar and Kern (Mycologia 41: 288. 1949) consider 

this species to be an Angiopsora and have, consequently, made the 
transfer. 
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Phakopsora punctiformis (Bard. & Diet.) Diet. On Galium 
aparine L.: Kweichow: Tsunyi Hsien, Aug. 1931, {199), 

Phakopsora artemisiae Hirats. f. On Artemisia sp.: Anh¬ 
wei: Ch’ing Yang Hsien, Oct. 1932, {1145, 1159) ; Kweichow: 
Chiang K’ou Hsien, Sept. 1931, {584, 613), On Aster sp.: 
Anhwei : Ch'ing Yang Hsien, Oct. 1932, {1255) ; Kiangsi : 
Hsing Tzu< Hsien, Sept. 1932, {1027), On Chrysanthemum sp.: 
Anhwei: Ch4ng Yang Hsien, Oct. 1932, {1322), 

Another species, Phakopsora compositarum Miyake, occurs in 
China but is not represented in Cheo's collections. Both species 
are recognized by Hiratsuka (/.c.). P. artemisiae has mostly epi- 
phyllous uredia, urediospores 24-36 /a long, and teliospores 19-33 /x 
long while in P. compositarum the uredia are hypophyllous, the 
urediospores 24-28/x long, but the teliospores 24-60/x in length. 
The latter species has not been available to me. 

^Phakopsora incompleta (Syd.) comb. nov. {Puccinia incom- 
pleta Syd. Annal. Mycol. 10: 261. 1912). On Andropogon sp.: 
Kwangsi: Yung Hsien, Oct. 1933, {2904). On Eulalia sp.: 
Kwangsi: Ta Tseh Tsuen, Aug. 1933, {2311, 2420). 

This rust, originally described from India on Ischaemum and 
subsequently reported for Formosa and the Philippines, apparently 
also occurs in Africa on Andropogon and possibly Exotheca. In 
addition to the African specimens I have seen two Indian collec¬ 
tions, including the type. While the uredia and urediospores are 
essentially alike in all specimens the only telia that I have seen are 
in Cheo’s Nos. 2311 and 2904. Sydow reported seeing only two 
immature teliospores but gave no measurements nor did he men¬ 
tion pedicels. 

Since, from specimens now available, it is apparent that the 
rust is not a species of Puccinia, the species is transferred to Pha¬ 
kopsora with the following description. 

Uredia hypophyllous, scattered, thinute, 0.1-0.2 mm. diam., with 
abundant peripheral, incurved, hyaline or pale golden paraphyses, 
&-13 X 35-45 /Lt, the outer (convex) wall 2-4/x thick, the inner 
(concave) wall 1-1.5/x thick; uredio^^res obovoid, ellipsoid, or 
broadly ellipsoid, 15-19 X 19-26/x, wall pale brownish to nearly 
hyaline, finely and closely echinulate; ,S /x thick, pores probably 
scattered, obscure. Telia mostly Hj^phyllous, minute, oval or 
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ellipsoid, 0.2-0.5 mm. long, chestnut-brown, subepidermal and in- 
dehiscent, 1-3 spores in thickness: teliospores irregularly arranged, 
variable, more or less oblong, 8-15 X 18-26 (-35) /i; wall golden 
or pale brownish, uniformly 1-1.5 /a thick, smooth. 

Cronartium guERcuuM Miyabe. On Qucrciis sp.: Kwangsi : 
San Kiang Hsien, Sept. 1933, (2789) ; Kweichow : Sze Nan 
Hsien, Aug. 1931, (851), Chiang K*ou Hsien, Sept. 1931, (609), 

COLEOSPORIIJM CLEMATIDIS Barcl. Oil Clciiiatis grata Wall. var. 
g ran did cn tat a Rehd. & Wils.: Kweichow; Chiang K’ou Hsien, 
Sept. 1931, (403). On Clematis montana Buch.-Ham.: Kwei¬ 
chow: Chiang K’ou Hsien, Sept. 1931, (616). On Clematis sp.: 
Anhwei: Ch’ing Yang Hsien, Nov. 1932, (1541); Kiangsi : 
Hsing Tzu Hsien, Nov. 1932, (924); Kwangsi: San Kiang 
Hsien, Sept. 1933, (2769, 2809, 2861); Kweichow: Chiang K’ou 
Hsien, Sept. 1931, (408, 395, 535), Tungjen Hsien, Dec. 1931, 
(891), Tsunyi Hsien, July 1931, (105, 161). 

Coleosporium evodiae Diet. On Evodia meliaejolia Benth.: 
Kweichow: Sze Nan Hsien, Aug. 1931, (347), Tsunyi Hsien, 
July 1931, (46). On Evodia officinalis Dode: Anhwei: Ch’ing 
Yang Hsien, Oct. 1932, (1190). On Evodia sp.: Anhwei: 
Ch’ing Yang Hsien, Oct. 1932, (1286, 1382); Kwangsi: l-ing 
Yuin Hsien, Mar. 1933, (1644), Yung Hsien, Aug. 1933, (2305), 
Sze Nan Hsien, Aug. 1931, (347). 

Coleosporium xanthoxylj Diet. & Syd. On Kanthoxylnm 
sp.: Kweichow: Chiang K’ou Hsien, Sept. 1931, (489). 

♦Coleosporium violae sp. nov. 

Spermagoniis ct acciis ignotis. Urediis hypophyllis, subepidermalibus, 
flavidis, plus minusve pulverulentis, 0 . 1 - 0.5 mm. diam.; urediosporis globoideis 
vel late ellipsoideis, 13-18 X 17-24 M; membrana verrucosa, hyaline, 1 . 5-2 m 
crassa; poris germ, obscuris. Teliis hypophyllis, sparsis, rotundatis, 0 . 1 - 0.4 
mm. diam. vel confluentibus, ceraceis, pallide aurcis; teliosporis cylindraceis, 
utrinque rotundatis, 13-20 X 43-56 episporio hyalino, 1 A* crasso, ad apicem 
8-15 M et valde gelatinoso; statim germ. Basidiosporis non visis. 

On Viola limprechtiana W. Becker: Kweichow: Ling Feng 
Yah, Tsunyi Hsien, Aug. 11, 1931, 5. Y. Cheo 289 (type!). 

Species of Coleosporium have not been collected on Violaceae 
previously. 
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^Coleosporium cheoanum sp. nov. 

Spermogoniis et aeciis ignotis. Urediis hypophyllis, subepidermalibus, 
sparsis, flavidis, rotimdatis, 0.1-0.4 tnm. diam., pulverulentis, urediosporis 
late ellipsoideis vel globoideis, 14-18 X 16-21 membrana verrucosa, hyaline, 
1.5-2/* crassa; poris germ, obscuris. Teliis hypophyllis, subepidermalibus, 
rotundatis, 0.1-0.5 mm. diam., ceraceis, aureis; teliosporis cylindraceis, utrin- 
que rotundatis, 13-19 X 32-52 /*; membrana hyalina, 1 /* crassa, ad apicem 
3-8/*, lamina'gelatinosa inconspicue vel vix praedita; statim germ., basidio- 
sporae 10-14 X 14-18 /*. 

On Coleus sp.: Kweichow : Fan Ching Shan, Chiang K'ou 
Hsien, Sept. 21, 1931, 5*. Y. Cheo 548 (type!). 

C. cheoanum differs from other species which parasitize the 
Labiatae because of the small urediospores and teliospores. In 
addition the apical wall of the teliospores is unusually thin and 
shows little or no gelatinization. 

♦Coleosporium rubiicola sp. nov. 

Spermogoniis et aeciis ignotis. Urediis hypophyllis, sparsis, flavidis, rotun¬ 
datis, 0.5-1.0 mm. diam., pulverulentis; urediosporis late ellipsoideis vel 
oblongo-ellipsoideis vel oblongis, 13-20 X 23-34 (-38) /*; episporio hyalino, 
verrucoso, 2/* crasso; poris germ, obscuris. Teliis hypophyllis, subepider¬ 
malibus, ceraceis, aureis, rotundatis, 0.3-1.0 mm. diam., sparsis; teliosporis 
cylindraceis, utrinque rotundatis vel deorsum attenuatis, 15-19 X 100-125/*; 
episporio hyalino, 1/* crasso, ad apicem gelatinoso 12-20/* crasso; statim 
germ. 

On Rubia cordifolia L.: Kweichow : Fan Ching Shan, Tungjen 
Hsien, Nov. 6, 1931, S. Y. Cheo 810 (type!). 

Of the species parasitizing Rubiaceae C, rubiicola has the longest 
urediospores and teliospores. The teliospores are among the long¬ 
est described in Coleosporium. C. knoxiae Syd. has nearly as long 
teliospores, 65-100/x, but the urediospores are smaller, 15-20 X 
17-25 /X. I have been unable to find a previous report of a Coleo¬ 
sporium on the genu? Rubia, 

Coleosporium plectranthi Bgrcl. On Plectranthus racemo- 
sus Hemsl.: Kiangsi; Hsing Tiu Hsien, Sept. 1932, (898). On 
Plectranthus sp.: Anhwei: .Ch’ing Yang Hsien, Oct. 1932, 
(1299) ; Kwangsi: San Kiang Hsieu, Sept. 1933, (2844). 

Coleosporium perillae Syd. On Mosla chinensis Maxim.: 
Anhwei : Ching Yang Hsien, Oct "^32, (1180). On Mosla sp.: 
Kiangsi: Hsing Tzu Hsien, Sept'M932, (928) \ Kweichow: 
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Chiang K’ou Hsien, Sept. 1931, (494), Tsunyi Hsien, July, Aug. 
1931, (4, 191). On Perilla ocymoides L.: Anhwei : Ch’ing Yang 
Hsien, Oct. 1932, (1111) ; Kiangsi : Hsing Tzu Hsien, Sept. 1932, 
(896). On Perilla sp.: Kiangsi: Sin Tsz Hsien, Sept. 1932, 
(1039) ; Kwangsi : Yung Hsien, Aug., Oct., 1933, (2526, 2887) ; 
Kweichow: Tsunyi Hsien, July 1931, (121), Sze Nan Hsien, 
Aug. 1931, (336). 

CoLEOSPORiUM PAEDERiAE Diet. Oil Pacdcria sp.: Kwangsi : 
San Kiang Hsien, .Sept. 1933, (2806) \ Kweichow: Sungtao 
Hsien, Nov. 1931, (815). 

CoLEOSPORiuM campanulae Lcv. Oil Adenophora sp.: Ki¬ 
angsi: Sin Tze Hsien, Sept. 1932, (1044). On Platycodon sp.: 
Kweichow: Fan Ching Shan, Sept. 1931, (.?55). On Lobelia 
pyramidalis Wall.: Kiangsi: Sin Tsz Hsien, Sept. 1932, (1058). 
On Lobelia sp.: Kwangsi : San Kiang Hsien, Sept. 1933, 
(2728) ; Kweichow : Chiang K’ou Hsien, Sept. 1931, (457). 

COLEOSPORIUM ASTERUM (Diet.) Syd. On Aster sp.: Anhwei: 

Ch’ing Yang Hsien, Oct., Nov., 1932, (1252, 1441, 1542, 1552) ; 
Kiangsi: Hsing Tzu Hsien, Sept. 1932, (1029) ; Kwangsi: Ling 
Yuin H.sien, June 1933, (2290), San Kiang Hsien, Sept. 1933, 
(2821) \ Kweichow: Chiang K’ou Hsien, Sept. 1931, (549), 
Tsungi Hsien, July, Aug. 1931, (49, 322). 

COLEOSPORIUM CARPESii Sacc. Oil Carpe.nuui sp.: Anhwei: 
Ch’ing Yang Hsien, Oct. 1932, (1127): Kiangsi: Hsing Tzu 
Hsien, Sept. 1932, (900) ; Kwangsi : Ling Yuin Hsien, June 1933, 
(2211), Yung Hsien, Oct. 1933, (2894). 

'•‘COLEOSPORIUM elephantopodis Thueiii. On Elephantopus 
sp.: Kwangsi: San Kiang Hsien, Sept. 1933, (2860). 

COLEOSPORIUM EUPATORii Afth. Oil EupatoHum lindleyanum 
DC.: Anhwei: Ch’ing Yang Hsien, Oct. 1^32, (1240). On 
Eupatorium sp.: Kwangsi: San Kiang Hsien, Sept. 1933, (2696) ; 
Kweichow: Chiang K'ou Hsien, Sept. 1931, (362, 397). 

COLEOSPORIUM SAUSSUREAE Tliuetii. On Saussurea sp.: Anh¬ 
wei: Ch'ing Yang Hsien, Oct. 1932, (1217) \ Kwangsi: San 
Kiang Hsien, Sept. 1933, (2778) \ Kweichow: Tsunyi Hsien, 
July, Aug. 1931, (29, 228). 

♦COLEOSPORIUM sp. On Siegesbeckia orientalis L.: Kweichow : 
Tsunyi Hsien, July 1931, (34). 
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I find no record of a species Coleosporimn parasitizing Sieges- 
beckia, a genus of the tribe Heliantheae. Only uredia are present. 

CoLEOSPORiUM BLETiAE Diet. Oil Anthogonum sp.: Kwei¬ 
chow: Tsunyi Hsien, Aug. 1931, (241). 

PucciNiosTELE MANDSCHURiCA Diet. On AsHlbe chincnsis 
Franch. & Sav.: Kwangsi: San Kiang Hsien, Sept. 1933, (2727). 

♦Pucciniostele hashiokai (Hirats. f.) comb. nov. (Ceroteliurn 
hashiokai Hirats. f., Jour. Jap. Bot. 13 : 248. 1937; Pucciniostele 
ampelopsidis Sawada, P'ormosan Agr. Rev. 38: 703. 1942) (figs. 
6, 7). On Ampelopsis sp.: Kweichow : Chiang K’ou Hsien, Sept. 
1931, (514) ; Kwangsi: Yung Hsien, Oct. 1933, (2939). 

Through the courtesy of Y. Hashioka 1 was able to examine a 
Formosan specimen collected on Ampelopsis cantoniensis Planch, 
at Rehgechi, Prov. Taichu, Nov. 3, 1932, by Hashioka. The type 
is Hashioka No. 218, collected at Gojyo, but both were cited in 
Hiratsuka’s original description. The type of Fiicciniostelc am¬ 
pelopsidis was furnished, together with a translation of Sawada’s 
description, by Dr. Lee Ling. Sawada^s specimen was collected 
at Urai on the same host. It is probable that the host of Cheo’s 
collections is also A. cantoniensis and certainly the rust is the same 
in all collections. 

While Hiratsuka’s description is sufficiently accurate it is obvious 
that the rust is not a species of Ceroteliurn since each cell of the 
teliospore has two or three equatorially placed germ pores. While 
more difficult to observe this is apparently also true of Puccinio¬ 
stele clarkiana (Bard.) Diet, and P. mandschurica. In P. hashio¬ 
kai the outer wall of the spore is somewhat hygroscopic, especially 
over the germ pores where it swells considerably (fig. 7). The 
spores do not adhere laterally and when mature give much the 
impression of a Phragmidium spore minus its pedicel. 

The uredia are phakopsoroid in character with peripheral, in¬ 
curved, dorsally thickened, septate paraphyses. With only uredia 
present it would be difficult accurately to distinguish this rust and 
Phakopsora ampelopsidis Diet. Syd. While the two other spe¬ 
cies of Pucciniostele are described as ka;king uredia I have found 
evidence, in Philippine specimens of P, ctarkiana, that uredia occur 
in that species. Primary stages are i^known for P. ampelopsidis. 
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♦Ravenelia atrides Syd. On Grewia parviflora Bunge: Ki- 
ANGSi: Hsing Tzu Hsien, Sept. 1932, {964). 

This rust has not been recorded from China although it occurs 
in the Philippines. Telia have been found only in Africa, however. 

♦Ravenelia indigoferae Tranz. On Indigofera sp.: Kwangsi : 
Ling Yuin Hsien, June 1933, {2273). 

Only uredia are present, which makes the identification uncertain. 
Ravenelia japonica Diet. & Syd. On Alhissia sp.: Kiangsi : 
Hsing Tzu Hsien, Sept. 1932, {929); Kweichow : Chiang K'ou 
Hsien, Sept. 1931, {475). 

PiLEOLARiA klugkistiana Diet. On Rhus punjabensis Stewart 
var. nucipersica (L.) Schneid.: Kweichow: Tsunyi Hsien, July 

1931, {427). On Rhus sp.: Anhwei: Ch'ing Yang Hsien, Oct. 

1932, {1114)] Kiangsi: Hsing Tzu Hsien, Sept. 1932, {1031) \ 
Kweichow: Chiang K’ou Hsien, Sept. 1931, {509). 

PiLEOLARiA SHiRAiANA (Diet. & Syd.) Ito. On Rhus sp.: 
Anhwei: ChMng Yang Hsien, Oct. 1932, {1105) \ Kiangsi: 
Hsing Tzu Hsien, Sept. 1932, {1025); Kwangsi: Yung Hsien, 
Aug. 1933, {2459), San Kiang Hsien, Sept. 1933, {2695, 2815) ; 
Kweichow: Tsunyi Hsien, Aug. 1931, {260). 

These two species of Pileolaria, both previously recorded from 
China, are readily separable on the basis of either urediospores or 
teliospores. In P. klugkistiana the teliospores are deep chestnut- 
brown but not opaque, and the sculpturing consists of variously 
anastomosing ridges or warts which results in an irregularly and 
rather indistinctly reticulate pattern. The teliospores of P. shirai- 
ana while immature are smoky or almost olivaceous brown, but 
with maturity become so densely pigmented and opaque that the 
thickness of the wall cannot be observed. There is no indication 
of reticulation but the wall is. uniformly verrucose with somewhat 
conical warts. 

Neither the number nor the loc^on of the germ {lores of the 
urediospores is given by the Sydows (Monogr. Ured. 3: 145, 150. 
1910) for either species. In P. klugkistiana the pores are four, 
as stated by Tai (Nanking Jour. 2: 8^, 1932), and equatorial, 
while in P. shiraiana there are two.-in^stinct pores adjacent to 
the hilum. The wall in both spee^jl^ is spirally adorned with 



Cummins: Uredinales of Continental China 793 


widely spaced ridges^ homogeneous in structure in P. klugkistiana 
but beaded in P. shiraiana. Careful examination of the ridges of 
the latter species reveals that the ridges are actually continuous but 
with internal differentiation which, because of unequal refraction, 
gives a beaded appearance. 

Tranzschelia PRUNi-SPiNOSAE (Pers.) Diet. On Prunus per- 
sica (L.) Stokes: Kiangst: Hsing Tzu Hsien, Sept. 1932, {904) ; 
Kwangsi: Ling Yiiin Hsien. May 1933, (2102). On Prunus sp.: 
Kwangsi: Ling Yuin Hsien, June 1933, (2289). 

*Kuehneola callicarpae Syd. On Callicarpa sp.: Kwangsi : 
San Kiang Hsien, Sept. 1933, (2766). 

Gerwasia chinensis (Diet.) Hirats. f. On Riihiis amplijolius 
Levi. & Van: Kweichow: Chiang K'ou Hsien. Oct. 1931, (777), 
Tungjen Hsien, Dec. 1931, (890). On Rubus setchucnsis Wright: 
Kweichow: Tsunyi Hsien, July 1931, (35). On Rubus sp.: 
Kwangsi : Ling Yuin Hsien, Mar., Apr. 1933, (1610. 1858, 1889 ). 

This appears to be a common Asiatic species. It remains a 
question how closely it may be related to Genvasiu rubi Racib., 
described from Java. No one has succeeded in obtaining Raci- 
borski’s type but recently Hiratsuka (Mem. Tottori Agric. Coll. 3: 
26. 1943) has reduced the above name to synonymy with G. rubi, 
which may well be correct. In this publication he does not include 
G. fasciculata Arth. & Cumm., although he had previously reduced 
it to synonymy under G. chinensis. Hoth species are supersto- 
niatal but G. fasciculata is paraphysate and doubtless a distinct 
species. 

Gerwasia rosae Tai. On Rosa roxburghii Tratt.: Kweichow : 
Tsunyi Hsien, July 1931, (86), On Rosa sp.: Anhwei: Ch'ing 
Yang Hsien, Oct. 1932, (1384) \ Kwangsi; Ling Yuin Hsien, 
Apr. 1933, (1949). 

Only uredia are present in these collections and since Tai (Far- 
lowia 3: 103. 1947) described only telia the identification is 

uncertain. The uredia, however, correspond closely in structure 
to the telia described by Tai. The spores are produced at the apex 
of slender basal cells. The sori are at first superstomatal but later 
rupture the epidermis, and may attain a diameter of 100 ju. or more. 
Incurved, unilaterally thickened paraphyses, borne in the same 
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manner as the teliospores, are abundant. The paraphyses are one- 
septate, a characteristic not m'entioned by Tai. 

If these collections are not related to Gerwasia one would expect 
them to belong with an undescribed Kuehneola. There is, in the 
Philippines, a species of Kuehneola, thus far erroneously referred 
to K. japonica, which has uredinoid aecia whose spores are similar 
to the urediospores of Cheo’s collections. Smaller, less abundant, 
non-septate, but otherwise similar paraphyses occur in these aecia. 
Telia are present in the three available specimens but no true uredia 
could be found. Presumably the species is an opsis type. Since 
K. japonica is microcyclic the Philippine rust cannot be identical; 
and since the Chinese specimens have uredia, smaller spores, and 
larger septate paraphyses they cannot be identified with the Philip¬ 
pine rust. A description of the uredia of the Chinese rust follows: 

Uredia hypophyllous, usually closely grouped on b*'ownish spots 
obvious on the upper side of the leaf, or the distribution more 
diffuse, minute, usually less than 100 fx, subepidermal or merely 
superstomatal when first formed, yellowish in dry condition; pa¬ 
raphyses abundant, incurved, hyaline or nearly so, 1-septate near 
the base, borne on basal cells with the urediospores, the wall 3-5 fi 
thick on the convex side, 1 ^ on the concave side; urediospores 
ovoid, obovoid, or ellipsoid, usually with three slightly protruding 
angles in the equatorial zone, 16-19 (-21) X 21-26 (-29) /a; wall 
1-1.5 fx thick, hyaline or pale yellowish, finely and closely echinu- 
late, the jxjres obscure but probably 3, equatorial and located in 
the angles. 

Hamaspora acutissima Syd. On Rubus sefehuensis Wright: 
Kweichow: Sze Nan Hsien, Aug. 1931, (350). On Rubus sp.: 
Kiangsi: Hsing Tzu Hsien, Sept. 1932, (957) ; Kwangsi: Ling 
Yuin Hsien, Apr. 1933, (1841,1947); Kweichow: Tsunyi Hsien, 
Aug. 1931, (145). 

Hamaspora benghetensis Syd. On Riil)us sp.: Anhwei: 
Ch'ing Yang Hsien, Nov. 1932,^X1^35); Kweichow: Tsunyi 
Hsien, Aug. 1931, (220). 

Telia are not present in either collection. Since H. benguetensis 
and H. rubi-sieboldii (Kawagoe) Diet differ mainly in teliospore 
morphology, identity of these collections, is uncertain. H. bengue¬ 
tensis has been reported from China-i<|at H. rubi-sieboldii has not. 
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’•‘Hamaspora hashiokai Hirats. f. On Ruhus sp.: Kwangsi : 
Ling Yuin Hsien, Apr. 1933, (1948), 

The most distinctive feature of this species is provided by the 
urediospores, which have a thickened apical wall. Reports of the 
occurrence of H. longissima (Thuem.) Koern. in China are prob¬ 
ably erroneous and in part, at least, referable to H. hashiokai. 
There is, in the Arthur Herbarium, a specimen on Riibus sp. from 
Sikiang (Tcng 3294a) which is certainly H. hashiokai and in Tai’s 
“List” (Sci. Rept. Natl. Tsing Hua Univ. Ser. B. 2 : 297-418. 
1937) //. longissima is recorded on Rttbus lambertianus, which is 
the host of H. hashiokai. 

Hamaspora sinica Tai & Cheo. On Rubus sp.: Kwangsi: 
Ling Yuin Hsien, Mar. 1933, (1762) fissued as H. acutissima 
Syd. in Reliq. Farlowianae No. 730), Apr. 1933, (1822, 1825). 

A portion of the type has been available for comparison. There 
is considerable chance of confusing H. sinica, H. takvaniana Hirats. 
f. & Hashioka, and H. acutissima since the number of septations 
and the degree of apical thickening of the teliospores vary consid¬ 
erably. In addition, uredia have not been described for //. sinica 
and H. takvaniana. 

PiTRAG.M iDiiJM POTKNTILLAK ( Pers.) Karst. Oil l^otentUla sp.: 
Ling Yuin Hsien, Mar. 1933, (1729). 

Phragmidium griseum Diet. On Rnbns sp.: Anhwei : Ch’ing 
Yang Hsien, Oct., Nov. 1932, (1123,1466). 

The teliospores of this species (fig. 8) are usually narrower than 
tho.se of P. rubkthunbergii (fig. 9) and the apex abruptly nar¬ 
rowed and umbonate, with the wall of the uinbonate portion sub¬ 
hyaline and thickened. Both .species belong in the section Phrag- 
motelinm, which is frequently treated as a (.istinct genus. I am 
following Hiratsuka’s concept as presented in his treatment of the 
Japanese .species of Phragmidium (Jour. Jap. Bot. 7: 227-299. 
1935). 

Observations of Cheo’s collections referable to the section Phrag- 
motelium reveal a character which appears not to have been recog¬ 
nized previously. There is a septum present which separates the 
pedicel proper from a basal portion which is of approximately the 
same diameter but thinner-walled. Normally the kisal portion 
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does not remain attached to the pedicel but can be seen readily 
in carefully prepared mounts (fig. 9). An examination of other 
available species indicates that the septate pedicel may be charac¬ 
teristic of all species of the section. 

Phragmidium rubi-thunbergii Kusano (fig. 9). On Rubus 
thunbergii Sieb. & Zucc.: Anhwei: Ch^ing Yang Hsien, Oct. 
1932, {1261). On Rubus sp.: Kweichow: Tsunyi Hsien, July, 
Aug. 1931, . (2i, 32,206). 

♦Phragmidium nambuanum Diet. On Rubus sp.: Kwei¬ 
chow: Chiang K’ou Hsien, Oct. 1931, {658). 

Phragmidium mucronatum (Fr.) Schl. On Rosa sp.: Kwei¬ 
chow: Chiang K’ou Hsien, Oct. 1931, {739). 

Phragmidium rosae-daiiuricae Miiira. On Rosa sp.: Anh¬ 
wei: Ch’ing Yang Hsien, Oct. 1932, {1381, 1392). 

No material of this species has been available for comparison but 
Cheo's specimens agree well with Miura's description. The telio- 
spores (fig. 10) are chestnut-brown but not opaque and the telia, 
likewise, are not blackish brown as in most species on roses. 

Leucotelium pruni-persicae (Hori) Tranz. On Primus per- 
ska (L.) Stokes: Anhwei: Ch^ng Yang Hsien, Oct. 1932, 
{1112) ; Kweichow : Chiang K’ou Hsien, Sept. 1931, {463). On 
Prunus sp.: Kweichow: Chiang K’ou Hsien, Sept. 1931, {371). 

As pointed out by Butler and Bisby (Fungi of India, p. 72. 
1931), Tai (Nanking Jour. 2 : 172. 1932), and Tranzschel (Con¬ 
spectus Ured. URSS, p. 238. 1939) the urediospores described 
for Puccinia pruni-persicae by Hori (Phytopath. 2: 144. 1912) 

are actually those of Transschelia pruni-spinosae and have no con¬ 
nection with the telia. The uredia of the species are pale brownish 
and have capitate paraphyses somewhat as in Transschelia, but the 
urediospores are pale brownish or yellowish, the wall is uniformly 
echinulate, and uniformly 1.5/4 in thickness. 

♦Maravalia achroa (Syd.) Arth. & Cumm. On Dalbergia 
sp.: Kweichow: Sze Nan Hsien, Aug. 1931, (327). 

The Arthur Herbarium, 

Purdue University AcRicuLTURAi Experiment Station, 
Lafayette, Indiana 
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DESCRIPTION OF FIGURES 

Fig. 1, telium of Melampsora alcuritidis Cumm. on Aleuritis sp. (from 
type) ; 2, telium of Phakopsora fici-crecti Ito & Otani on Ficus sp. (from 
Cheo 961) ; 3, telium of Phakopsora malloti Cumm. on Mallotus sp. (from 
type) ; 4, telium of Phakopsora chcoana Cumm. on Cedrela sinensis (from 
type) ; 5, telium of Melampsora larici-epitea Kleb.? on Salix sp. (from Cheo 
1518). All photos are from unstained free-hand sections. X 800. 

Fig. 6, unstained free-hand section of a telium of Pucciniostele hashiokai 
(Hirats. f.) Cumm. on Ampclopsis sp. (from Cheo 2939), 7, a single telio- 
spore of Pucciniostele hashiokai showing the outer wall sw’ollen over the 
germ pores; 8, teliospore of Phracjinidium i/risctim Diet, on Rubus sp. (from 
Cheo 1123) ; 9, teliospore of Phraymidium rubi-thunberyii Kusano on Rubus 
sp. (from Cheo 23) ; 10, teliospores of Phraymidium rosac-dahuricae Miura 
on Rosa sp. (from Cheo 1381). X 800. 



NOTES AND BRIEF ARTICLES 

Mushrooms in Their Natural Habitats, by Alexander H. 
Smith. Two volumes: Vol. I, Text (I~XIV-f 626 pp.) with 
eleven text-figures (line-drawings); Vol. II, Illustrations (Stereo¬ 
photographs by William B. Gruber). Published in 1949 by 
Sawyers, Inc., Portland, Oregon (Price $26.50). 

This is a new and a successful approach to the study of mush¬ 
rooms and their relatives. The work is distinguished by the fact 
that it combines natural-habitat color stereo-photographs with tech¬ 
nical descriptions. It is clearly an attempt to improve on the art of 
presenting to the public authentic and interesting information on 
the agarics and other fleshy forms in both the ascomycetes and 
basidioniycetes. The attainment of this goal is facilitated by the 
author’s readable style. The volumes are not designed primarily 
for the specialist but rather for those of less experience. But the 
book promises to assist in the identification of certain fleshy fungi, 
to stimulate an interest in them, and to help one gain a basic 
understanding of this engaging group of organisms. 

Volume I is text; volume II is really a plush-lined box contain¬ 
ing a Sawyer’s view-master and an album of 33 reels of color 
photographs, made in the field and woods. As for the text (Vol¬ 
ume I), about two-thirds of its pages are devoted to the salient facts 
relative to each species included, embracing synonomy and a 
technical description, and a discussion of edibility, habit, habitat, 
and distribution. Several keys to groups, genera, and species are 
included. The section on agarics constitutes more than half the 
text. 

There are also many pages of fresh discussion bearing on the 
subjects of collecting, techniques for microscopic study, nomen¬ 
clature, and mycophagy; some five pages of literature; a glossary 
of more than six hundred items; and im*adequate index. 

Mycologists, especially agaricolog^^^ will welcome the chapter 
entitled: ‘‘Laboratory Techniques the Study of Microscopic 
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Characters of Importance in the Classification of Fleshy Fungi/* 
In that section of some forty-live pages, Dr. Smith describes the 
use of chemical reagents, the microscopic characters of agarics 
including his morphological grouping of spores, the technique of 
fruit-body study, and a good discussion of the “tissues,”—hy- 
meniijm, gill trama, pileiis, and stipe. The principal microscopic 
structures are illustrated by line-drawings in eleven text-figures. 

As the author has ])roceeded in his agaric studies over the last 
twenty years, he has met with hundreds of species and has felt the 
inadequacy of the prevailing methods and techniques for distin¬ 
guishing .species. Mere morphological descriptions of the gross 
features along with .spore-dimensions have proved to him and us 
insufficient to separate certain species which are obviously distinct. 
He has, in recent years, been willing, if not constrained, to extend 
inquiry further into the details of microscopic structure of the 
pileus, stipe, hymenium, and gill trama in an effort to bring all 
usable characters into play for taxonomic purpo.se.s. He has also, 
in recent years, investigated and extended the use of chemical 
reagents in an attempt to discover the clincher in a taxonomic prob¬ 
lem. His experience in these matters shows up throughout the 
text, and is clearly suggestive of new approaches to a more satis¬ 
factory agaric taxonomy. 

Thus, one is impressed with the new features of the two vol¬ 
umes : the subject is treated in accordance with modern research 
methods and concepts; and the illustrations are stereo-photographs 
in natural color (mostly excellent!) and habitat. Moreover, the 
descriptions in the text were drawn chiefly from the particular 
specimens illustrated. The collections, of course, have been pre¬ 
served, and are on deposit in the University of Michigan Her¬ 
barium. 

The author treats 230 species, the selection of which was deter¬ 
mined by a number of considerations: those species common to the 
Northern United States and Southern California (the war cur¬ 
tailed efforts to get photographs in the Southeast and in the Gulf 
States); special effort was made to include endemics; representa¬ 
tives of as many genera as possible are included; both edible and 
poisonous species are represented; and finally, no species is treated 
unless a suitable natural-habitat photograph could be secured. 
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Wherever justified, in the opinion of the author, he breaks away 
from conventional classification and nomenclature. Thus, he uses 
Xeromphalina, based on Omphcdia campanella Quelet; Ompha- 
LiNA, including only the section Collybiariae of Omphalia; Cata- 
THELASMA, including species of Armillaria exhibiting bilateral gill 
trama and amyloid spores; Cystoderma, embracing those species 
of Lepiota- (and Armillaria) with a granulose covering of the 
pileus and lower portion of the stipe; Leucopaxillus, comprising 
certain species of Clitocybe, Tricholoma, and Pleurotiis with amy¬ 
loid spores ; Lyophyllum, based on certain species of Collybia, 
Myccna, Clifocybe, and Tricholoma which exhibit small bodies in 
the basidia or base of the sterigmata which stain very dark in 
ferric aceto-carmine; Conocybe, species of Galcra with a cellular 
to hymeniform cuticle of the pileus; Rozites, a Cortinarius with 
a rudimentary volva and a membranous partial veil; Gymnopilus, 
‘‘a logical aggregation of species formerly grouped in Pholiota, 
Flawwula, and Nancoria''; Naematoloma, fleshy species of Hy- 
pholoma: Pseudocoprinus, CoprinnsAxkt agarics, the gills of which 
are non-deliquescent; and also Laccaria, Vaginata, Limacella, 
Rhodophyllus, and Galerina. The genus Cantiiarellus is 
placed in the family Cantharellaceae, along with Cratcrellits, Lepto- 
tuSf and ArrJienia. 

The author reports one new species, Cystoderma Gruberianum, 
on page 363 of the text; and one new variety, Lepiota Molybdites 
(G. Meyer ex Fr.) Sacc. var. marginata, on page 429. Latin 
descriptions are provided—to the joy of several, and perhaps to 
the displeasure of the non-conformists. 

The International Rules of Botanical Nomenclature (1930) are 
followed, in order, as Smith says, to give validity and stability to 
naming. 

Those who have followed the fortunes of the author of this 
book will be pleased with this his' most recent effort. It is a novel 
two-volume publication, and pr6j:isely hits the intended mark. The 
work is indeed excellent, one which will prove unusually valuable 
for all who would know the mushrooms and other fungi.—L. R. 
Hesler. 
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Die Pilze, Grundziige ihrer Entwicklungsgeschichte und Mor¬ 
phologic by Dr. Ernst Gaiiman. Lehrbiicher und Monographien aus 
dem Gebiete der Exakten Wissenschaften n. 19. E. Birkhauser 
& Cie. Elisabethen Strasse 15, Basel, Switzerland. Pp. 1-382. 
440 figs. 1949. 

All mycologists will welcome this revised treatment on the devel¬ 
opmental history and morphology of the fungi by the noted Swiss 
mycologist. The text, in German, is distinguished by its clarity 
and preciseness of statement. A remarkable feature is that the 
author has treated his subject in 382 pages replete with illustra¬ 
tions. The brevity of the treatment of many groups will probably 
be deplored by some specialists, but one seeking an over all treat¬ 
ment of the fungi will appreciate the evenness of the treatment. 
The devotion of a little over a page to the whole group of Fungi 
Imperfecti is in keeping with the author’s thesis that when the fungi 
have all been arranged into a natural system there should be noth¬ 
ing left in the Imperfecti. 

In Gauman’s scheme of the evolution of the fungi, see p. 10, 
the Siphonales and Flagellatae are the two points of origin of the 
fungi. The line from the Siphonales leads to the Oomycetes where 
it ends. 

The Archimycetes, derived from the Flagellatae, are character¬ 
ized by lacking a cell wall, living parasitically in the cells of the 
host, and by the thallus being holocarpic. They are considered to 
be an endpoint of development at a level below that of the Phyco- 
mycetes. 

The main line of development leads through the Chytridiales 
from the Flagellatae. At the Chytridiales it divides into three 
branches, all of equal level. These are the Monoblepharidales, 
Blastocladiales, and Zygomycetes. These in addition to the Oomy¬ 
cetes, constitute the group known as the Phycomycetes. All are 
characterized by a cell wall. 

The Ascomycetes are derived from the Phycomycetes through 
the Zygomycetes. The two most primitive groups are the Taphri- 
nales and Endomycetales. The Taphrinales represent an endpoint 
of development whereas the Plectascales are derived through the 
Endomycetales and represent a higher level of development. From 
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the Plectascales numerous branches lead to the various well known 
orders of Ascomycetes, including the Clavicipitales. The Tu- 
berales are derived from the Pezizales, and constitute the most 
highly developed group of Ascomycetes. 

The Basidiomycetes are derived from the Ascomycetes from the 
vicinity of the Pezizales and Helotiales. The Gasteromycetes are 
derived frorti the Corticiaceae in the Hymenomycetes. The Auricu- 
lariales, Tremellales, Hymenomycetes and Gastromycetes are rep¬ 
resented as of approximately comparable levels of development with 
the Ustilaginales and Uredinales as the most advanced Basidio- 
mycetes, and derived from the Auriculariales. 

Whether one agrees with this scheme in its entirety or not, it 
must be admitted that the author has handled his material well and 
produced a well balanced treatise which will always be an excellent 
point of departure for a detailed discussion of individual orders and 
families.— Alexander H. Smith. 


A note from Dr. Bisby states that the third edition of ‘*A Dic¬ 
tionary of the Fungi*' has been issued. The price is three dollars 
($3.00). It can be obtained from the Imperial Mycological Insti¬ 
tute, Kew, Surrey, England.—A. H. Smith. 


A correction: In the article on “Pullularia,” p. 436, in lines 
8-10, the letters A and B were reversed. A is the panel showing 
mold growth whereas B is clear of growth.— Ernest S. Reynolds. 
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Strumclla coryncoidea 735-742, 3 figures 
Davis, Lily H. (With Baker, Kenneth F.). Stemphylium leaf spot of 
China aster 477-486, 2 figures 

-(with Baker, Kenneth F. and Snyder, William C.). Ramularia leaf 

spots of Lathyrus odoratus and L. latifolius 403-4^, 2 figures 
Ddwding, Eleanor Silver. Histoplasma and Brazilian blastomyces 668-679, 
6 figures 

Drechsler, Charles. Several species of Dactylella and Dactylaria that cap¬ 
ture free-living Nematodes 1-79, IS fibres; A Dactylella with conidia 

♦ This index prepared by Henry A, ]^8haug. 
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1 figure 

Dulaney, Eugene L. and Grutter, F. H. A note on the culture of Dipo- 
dascus uninucicafus in defined media 654-657; The nutritional require¬ 
ments of Eremothecium Ashhyii Guill. 717-722 
Fennell, Dorothy I., Raper, Kenneth B. and Flickinger, May H. Fur¬ 
ther investigations on the preservation of mold cultures 135-147, 1 figure 
Fisher, Francine E. Two new species of Ilirsutclla Patouillard 290-297, 
4 figures 

Flickinger, May H. (with Fennell, Dorothy I. and Raper, Kenneth B.). 

Further investigations on the preservation of mold cultures 135-147, 
1 figure 

Georg, Lucille K. The relation of nutrition to the growth and morphology 
of Trichophyton favifornic 693-716, 6 figures 
Gordon, Morris A. The physiology of a blue stain mold with special refer¬ 
ence to production of ethyl acetate 167-185, 9 figures 
Grunberg, Emanuel (with Titsworth, E. H.). A medium for the growth 
and maintenance of the yeast-like phase of Histoplasma capsulatum 298- 
300, 1 figure 

Grutter, F. H. (with Dulaney, Eugene L.). The nutritional requirements 
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Dipodascus uninucleatus in defined media 654-657 
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and sexuality in the genus Diplophlyctis 77Z-77^y 10 figures 
Hesler, L. R. (Book Review) Mushrooms in their natural habitats, by 
Alexander H. Smith 798-800 

Hirsch, Hilde E. No brachymeiosis in Pyroncma confluens 301-305, 6 
figures 

Imshaug, Henry A. New and noteworthy lichens from Mt. Rainier Na¬ 
tional Park 743-752, 2 figures; A new species of Dermatocarpon 753- 
757, 1 figure 

Johnson, Aaron G. (with Sprague, Roderick). Ascochyta leaf spots of 
cereals and grasses in the United States 523-553, 2 figures 
Johnson, Terry W., Jr. A study of an isolate of Hrevilegnia from New 
Caledonia 242-252, 1 figure; A new Achlya from Mackinac Island, 
Michigan, with notes on other species 391-402, 2 figures 
Kanouse, Bessie B. A study of Pesiza hronca Peck 497-502, 6 figures 
Kavanagh, Frederick W. (Book Review) Chemical activities of fungi, by 
Jackson W.%Foster 680-681 

-(with Robbins, William J. and Rolnick, AniU). Production of hy¬ 
drocyanic acid by cultures of a Basidiomycete 161-166, 3 figures 
Lentz, Paul L. The genus Marssonina on Quercus and Castanea 259-264, 
1 figure; Concerning the authorship of Marssonia 331-332 
Ling, Lee. Studies in the genus Cintractia. 1. C. montagnei and related 
species 503-513; Studies in the genus Cintractia, II. C. axicola and 
related species 646-653, 1 figure 

Lurie, H. I. Pathogenic sporotricha; their carbohydrate reactions 624-641 
MacLaren, John A. (with Wolf, Frederick T. and Bryden, Robert R.). 
The nutrition of Monosporiuni apiospermum 233-241, 1 figure 
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sources 451-469, 2 figures 

Mains, Edwin B. The genus Gibellula on spiders in North America 306- 
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and Insecticola in North America 566-589, 26 figures 
Mandels, G. R. (with White, William Lawrence and Siu, R. G. H.). 
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Olive, Lindsay S. A new genus of the Tremellales from Louisiana 385-390, 

2 figures 

Page, Robert M. Observations on keratin digestion by Microsporum gyp- 
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Octomyxa brevilegniae 279-289, 29 figures 
Poitras, Adrian W. (with Benjamin, Rich. K.). An addition to the 
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Production of hydroc 3 ranic acid by cultures of a Basidiomycete 161-166, 

3 figures 
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Snyder, William C. (with Baker, Kenneth F. and Davis, Lily H.). 
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2 figures 
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against fungi pathogenic to plants 253-258, 1 figure 
White, Wiiliam Lawrence, Mandels, G. R. and Siu, R. G. H. Fungi in 
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INDEX TO GENERA AND SPECIES 


New names, the final members of new combinations, and the page where 

lalfT'’ ri" •" 

names encountered m the text are corrected in the index. 


Abstoma 158 
Acanthomyces 566 
Acaulopage crobylospora 371 
Achlya 142, 397, 400-401, 658, 662; 
abortiva 661; ambisexualis 142; 
americana 395, 399; apiculata 280; 
bisexualis 142; caroliniana 280; 
colprata 280, 661; crenulata 280, 
66^61; flagellata 192, 280, 391, 
* ^lonierata 279- 
280; Klebsiana 193, 393, 395-396; 
michiganensis 393-397, 401-402; 
Oryzae 396; papillosa 193; polyan- 
dra 193; proHferoides 280, 396; 
racemosa 280; radiosa 661; re- 
661-662; Rodrlgueziana 
391, 393, 395-396, 399; subter- 
ranea 661; tuberculata 658-661 
Acrostalagmus 204 
Actinomyces albus 204-205; bovis 365 
Acurtis 330-331 

Aecidium 663-665; Graebnerianum 
663, 666; innatum 783; Paramig- 
nyae 231; Petchii 231 
Agaricus campestris 163-164; camp- 
topus 127; caput Medusae 123; 
Myosotis 323; oreades 166 
Akanthomyces 566-567, 569-570, 572, 
574-575, 581, 584, 587; aculeata 
5^, 568, 570-573, 589; ampul- 
lifera 568-570, 573, 589; angusti- 
apora 568-570, 573, 589; arane- 
anim 568-570, 574-575, 577, 587, 
589; sphmgum 569-572 
Akrophyton tuberculatum 572 
Albugo 325 

Alectoria 751-752; altaica 751-752; 
altaica var. spinulosa 751; bicolor 
752; chalybeiformis 752; implexa 
752; jubata var. prolixa 752; 
karelica 751; nidulifera 752; spi- 
nulosa 751 

Aleuria humicola 502 . 

Aleurodiscus 66 
Allescheria Boydii 233, 240 
Allomyces 519, 522, 686; arbuscula ^ 
522; javanicus 280, 522; javanicus 
var, japonensis 520; Kniepii 522;. 
moniliformis 280 

Altemaria 65, 204, 270. 483; cucu- 
merina 61; oleracea 254-255; so- 
Jani 65, 254-255; tenuis 65,211, 
344, 483; zinniae 483 
Angiopsora 785 


Anulosporium nematogenum 60 
Aphanomyces laevis 280 
Apiocarpella 526, 528; macrospora 
761-762; minor 551 
Apiosporella 526, 528 
Aplanes treleaseanus 280 
Apodachlya pyrifera 280 
Armillaria 471, 800; mellea 83, 134 
Arrhenia 800 

Arthrobotrys 2, 60, 63, 65-66; co- 
noides 31; dactyloides 4-5; musi- 
formis 31; oligospora 10, 31, 61; 
superba 60-61, 64 
Aschersonia 313, 321 
Ascochyta 404, 523-531, 533, 539- 
541, 543, 548, 552, 761, 763-764, 
768-769; agropyrina 542-544, 547- 
548, 552; asteris 479; avenae 546- 

547, 549, 553; boutelouae 539-540, 
761, 764; brachypodii 537-538, 

548, 552, 765; cassandrae 193; cy- 
nodontis 539-540; desmazieri 537, 
548, 552; elymi 530, 532, 534, 537; 
festucae-erectae 535; graminea 

539, 548, 552; graminicola 524, 
530-535, 537, 540, 542; graminicola 
var. aciliolata 538; graminicola 
var. brachypodii 537; graminicola 
var. ciliolata 535; graminicola var. 
coeruleae 535; graminicola var. 
diedickeana 530, 532-533; grami¬ 
nicola var. hispanica 530, 535, 545; 
graminicola var. holci 530, 532; 
graminicola var. leptospora 530; 
hordei 544-546, 549, 553; ischaemi 
539; missouriensis 547-549, 553; 
phleina 537, 542, 548, 552; pisi 
529; quercus 261; quercuum 262; 
sorghi 524, 530, 532, 534-535, 537, 

540, 542, 545, 548, 552; sorghina 

541, 548, 552; spartinae 541; stipae 
762, 764; subalpina 541-542, 548, 
552; utahensis 544, 548; zeina 541 

AKochytella 525-526,^" 529, 548; 

avenae 546-547; stipina 764 
Ascochytula 525-526, 529, 543, 548; 

agropyrina 542 
Ascodesmis nigricans 305 
Asct»4^ 609 
Ashbia4608 
Asl^^gossypii 603 
Ai^a 608, 609; gossypii 603-612, 
«W-618, 621-623 
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Aspergillus 136, 139, 204, 270, 310, 
522, 681; chevalieri 344; clavatus 
344; flavus 137-138; fumigatus 
204, 206, 209, 211; itaconicus 137, 
139; niger 137-138, 163-164, 204, 
206, 209, 344-345, 347-352, 354, 
356-360, 363-365; oryzae 137, 238, 
241; repens 344; ruber 344; sy- 
dowi 137, 345, 351-352, 354, 356- 
360, 363; terreus 137, 144, 207; 
unguis 206, 209; ustus 206-207, 209 

Bacillus mescntericus 204; subtilis 
204 

Basidiophora entospora 479 
Beauveria densa 577 
Bifusella Faullii 193 
Blakeslea 139, 141, 271-272, 275, 
277; trispora 137-138, 142 
Blastomyces brasiliensis 668-670, 
672-678; cerebriformis 670, 676; 
dermatitidis 143, 674, 678-679 
Boletus granulatus 475 
Botryosphaeria 338, 340; ribis chro- 
mogena 338 

Botrytis elegans 344; pellicula 344; 

rosea 344 
Bovista 158 

Brevilegnia 242, 244, 246, 248-252, 
279; bispora 245, 250; diclina 245; 
linearis 245. 279-280, 285, 287; 
longicaulis 243, 244, 245-252; 
megasperma 245, 251; subclavata 
245; unisperma 245, 250-251; uni- 
sperma 7>ar. delica 245; unisperma 
mr. littoralis 245; unisperma r^ar. 
montana 245 

Bryopogon altaicus 751; Berengeri- 
anus 751 

Buellia heterospora 500 
Byssochlamys fulva 349, 364 

Calvatia 158 

Candida albicana 143, 347 
Cantharellus 196, 800; cibarius 196 
Catastoma 148; ater 148; juglandi- 
formc 160 
Catathelasma 800 
Catenaria anguillulae 685 
Cephalosporium 345, 351-352, 354, 
356-3^, 363, 555; aranearum 315 
Cephalotliecium roseum 204 
Ceratostomella 171, 184; ulmi 163- 
164 

Cercospora apii 255, 766; boutelouae 
766; herpotriclioides 551, 767 
Cerotelium 790; fici 784; hashiokai 
790 

Cetraria 743, 752, 757; chrysantha 
746; crispa 743-746; islandica 743- 
745; islandica var. arborialis 746; 


islandica z’ar. pseudoislandica /. 
septentrionalis 743, 746, 748; is¬ 
landica /. rhododendri 744; islaii- 
dica /. vagans 753; islandica mod. 
arborialis 743, 745-746; odentella 
755; Richardsonii 753; septentrio¬ 
nalis 746; subalpina 746-747; 
tenuifolia 743 

Chaetocladium 141; brefeldii 139, 141 
Chaetomium 645; convolutum 645; 
fibripilium 642-644; funiculum 
211; glolx)sum 204-205, 211; mol- 
lipilium 643-644; nigricolor 643, 
645; sphaerale 644 
Cheiroconium 557-558; Beaumontii 
557-558; stellatus 557; tinctus 557 
Cheiromycella 558; speiroides 558 
Cheiromyces 554-558, 560, 562; 

Beaumontii 556, 558-559, 561; co- 
matus 557-558; digitatus 555, 557; 
speiroides 557-558; stellatus 554- 
556, 558-560; tinctus 558, 560 
Chnoopsora itoana 783 
Choanephora 271-272, 275, 277 
Chrysomyxa cassandrae 193; cliio- 
genis 193; ledi 193 
Cintractia 503-504, 507, 512, 646; 
amazonica 504, 510, 511; axicola 
510, 646, 652; axicola var. minor 
649, 652-653; axicola f. spicu- 
larum 511-512; clintonii 649; con- 
gensis 649,651; cyperi 648; cyperi- 
polystachyi 651-653; distans 651; 
ckniani 508-509; eximia 507-509; 
farlowii 504-505; fimbristylicola 
648; fimbristylis-kagiensis 647; 
fimbristylis-miliaceae 649; gigan- 
tospf>ra 503-505,648; javanica 646; 
junci 510, 647; juncicola 508; 
Krugiana 512; Krugiana var. 
usambarensis 512; leucoderma 512- 
513; leucoderma f. utriculicola 
511-512; leveilleana 506-507; limi- 
lata 646, 649-650, 652-653; major 
508; minor 651-652; montagnei 
504, 506-508; montagnei var. major 
504, 508, 510; montagnei zfar. 
minor 504, 508; mundkuri 647; 
nova-guineae 504, 510; peribebu- 
yensis 646-647, 652-653; peribebu- 
yensis var. major M7-648; portus- 
argenti 509; psilocaryae 506; 
pulchra 649; rhynchosporae 504; 
samanensis 506-507; spicularum 
504, 511; standleyana 508-510; 
suedae 647; tangensis 646; tauber- 
tiana 503, 506; togoensis 649, 652- 
653; utriculicola 511 
Circinella 141 

Cladosporium 403, 406, 411-415, 418, 
434, 438-439; album 406, 411-416, 
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418, 421-422; fulvum 255, 411-412, 
421-422; herbarum 211, 344, 347, 
411, 446; paeoniae 255 
Claudopus 471 

Clitocybe 131, 471, 800; geotropa 
165; gomphidioides 82, 83, 134; 
subvefosa 82-83, 134; tabescens 
83, 134 
Clitopilus 331 
Coccidiascus 608-609 
Coccidioides iftimitis 238-240, 349, 
674, 678 

Cokeromyces 272, 277; rccurvatus 
272-273, 276-277 

Coleosporium 787-789; asterum 789; 
bletiae 790; campanulae 789; car- 
pesii 789; cheoanum 788; clemati- 
dis 7^7; elephantopodis 789; eupa- 
torii 789; evodiae 787; knoxiae 
788; paederiae 789; perillae 788; 
plectranthi 788; pulsatillae 229; 
rubiicola 788; saussureae 789; 
solidaginis 479; violae 787; xan- 
thoxyli 787 

Coleroa potentillae 332 
Colletotrichum lagenarium 255; pho- 
moides 255 

Collybia 471, 800; dryophila 475 
Comatricha M4-515, M7-518; aequa- 
lis 514; cornea 514; cylindrica 517; 
elegans 514; filamentosa 514; fim- 
briata 514, 517; fragilis 514; ir¬ 
regularis 514; laxa 514; longa. 514; 
mirabilis 515-517 nigra 514;. pul- 
chella 514; reticulata 517; rispau- 
dii 517; rubens 514; typlioides 514 
Conidiobolus 136 
Coniophora 471 
Conocybe 800 

Coprinus 132, 196, 471, 475, 800 
Cordyceps 320, 566, 588; arachno- 
phila 313, 315-316; australis 566, 
586, 588; bicephala 588; clavulata 
583; dipterigena 566, 582, 589; 
Iloydii 566, 585; sphecocephala 
587; sphingum 588; thaxteri 577; 
tuberculata 572-573, 581 
Coremium 569; glaucum 569 
G}rethropsis australis 317; pulchra 
306, 310, 317 
Cornicularia 753 
Corticium 471; vagum 475 
Cortinarius 86, 88, 800; annulatus 
85; distans var. olympianus 85; 
fulvaureus 85; infractus 89; rai- 
nierensis 83-85 speciosus.85; sub- 
tortus 86-87, 134; tophaceus 85 
Craterellus 800 

Crebothecium 609; Ashbyi 622 
Crocysporium fallax 407 


Cronartium quercuum 787; ribicola 
332 

Crucibulum vulgare 186 
Cryptococcus neoformans 143 
Ctenomyces 217, 219-220; seratus 216 
Cunninghamella 141, 271-272, 277; 
africana 67; echinata 141; echinu- 
lata 63; microspora 61 
Cyanisticta Hookeri var. septentrio- 
nalis 751 

Cyathus 186; pallidus 188-190; Poep- 
pigii 186-190; sterocoreus 186, 
189-190; striatus 186-187, 190; 
vernicosus 186 

Cylindrophora aranearum 315 
Cylindrosporium microspilum 261- 
262; quercinum 262; quercus 262 
Cystoderma 800; aniianthinum 131; 

Gruberianum 800 
Cystopus 325, 329 
Cytidia 471 
Cytophaga 602 

Dactylaria 1, 31, 39, 41, 46, 49, 63, 
372; brochopaga 4, 10; Candida 41, 
44, 46, 49-50, 55, 59-60; euder- 
mata 32, 34, 38, 40, 73-75; hapto- 
spora 42, 44, 48, 50, 60; haptotyla 
43, 47, 48, 49-53, 75-76; poly- 
cephala 40, 64; psychrophila 24, 
39-40; pulchra 371; sclerohypha 
52, 54, 57, 77-78; thaumasia 24, 
31, 33, 36, 39-40 

Dactylella 1-2, 12-13, 22-24, 46, 66, 
371-372; aphrobrocha 9, 14, 18, 
20, 28-29, 35, 44, 48, 58, 69-70; 
asthenopaga 41-42, 44, 46, 50, 56; 
atractoides 371; bembicodes 4, 10, 
12, 13, 19, 28, 35-36, 44; cionopaga 
9, 25, 27, 30, 64, 69, 71-72; coelo- 
brocha 4, 5, 12, 13, 15, 16, 19-20; 
doedycoides 4, 10, 15, 17, 37; ellip- 
sospora 42, 44, 46; 50-51; gephyro- 
paga 22-24, 26, 28-29, 367-368, 
370; heptameres 371; heterospora 
4, 10, 15. 17, 37, 57, 368, 371; lep- 
tosppra 59; lysipaga 44, 46, 59-60; 
minuta 371; rhombospora 371; 
rhopalota 371; stenobrocha 3, 7, 
9, 10, 36, 59, 67-69, 368, 371; 
atrobUodes 369, 371-^372; tylo- 
lltega 370 

Daedalea 471; unicolpr 193 
Darluca filum 531 ^ 

Dematium 204, 433-434; pullulans 
344, 432, 439, 445 
DendroHtele 66 

Dermatotorpon 753; aquaticum 755, 
75^:;ifitliniatum 755-756; miniatum 
complicatum 755; miniatum 
7VK fulvofuscum 755; miniatum 
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var. panniforme 755; miniatum 
var. papillosum 755-756; moulinsii 
756-757; moulinsii var. subpapillo- 
sum 755; reticulatum 755, 756; 
vagans 753-756; vellereum 757 
Desmotrichum 65 
Diaporthe citri 254-255 
Dictyopanus 426; Copelandii 426; 
luminescens 423-426, 431; pusil- 
lus 426-427 
Dictyostelium 145 

Dictyuchus 400-401; anomalus 391, 
400; missouriensis 280; monosporus 
400; sterile 400 
Didymium squamulosum 517 
Diplocarpon rosae 255 
Diplodia 338, 341, 525; gossypina 
340; graminea 539, 761, 764; 
macrospora 341; zeae 254-255, 341 
Diplodina 526-529, 540, 548; brachy- 
podii 537; graminea 539, 549; sali- 
cis 527 

Diplodinula 527 

Diplophlyctis 772-775, 778; intestina 
772-773, 775, 778; laevis 773, 775; 

sexualis 775 

Dipodascus 608-609, 657; uninuclea- 
tus 654, 656-657 * 

Disciseda 148, 155-158, 160; anomala 
148; australis 148; Candida 149; 
cervina 148-149, 151, 153-154, 157, 
159; verrucosa 148 
Dothiorclla 338 
Drosophila 331 

Echinodontium 471 
Elsinoe veneta 255 
Endoconidiophora 167-168, 184, 270; 
coerulescens 168, 184; moniliformis 
168, 171, 173-177, 182-183; vario- 
spora 168; virescens 168 
Endogonc 608 

Endomyces 608-609; vernalis 350 
Endophyllum sempervivi 328 
Endothia 337; gyrosa 340; parasitica 
255, 336, 340 
Entolonia 330-331 
Entomophthora apiculata 136 
Entyloma 495-496; compositarum 
494-495 

Epidermopliyton cruris 203; flocco- 
sum 216, 239, 593; inguinale 347 
Eremascus 609 

Eremothecium 604, 607-609; ashbyii 
609-610, 620, 622, 717-772 
Erostrotheca 403, 413-414; multifor¬ 
mis 412-414, 416, 418, 421-422 
Erysiphe graminis 193; polygoni 253, 
404 

Euallomyces 519 
Eutypella 735 . 


Exidia 471 
Exosporium 558 

Favolus 471 

Favotrichophyton album var. singu- 
^ lare 715 

Fayodia 117; bisphaerigera var. an- 
thracobia 117; bisphaerigera var. 
longicystis 117 
Fistulina 471 
Flammula 322, 471, 800 
Fomes 143, 471-4/2, 474; annosus 
143, 476; pini 193; pinicola 143, 
193; pomaceus 473; scutellatus 
193; subroseus 193 
Fusarium 204, 209, 484, 549, 555- 
556; javanicum 206, 209; lini 184, 
447, 555; lycopersici 255; monili- 
forme 199-200, 206, 209, 212; 
oxysporum 555; oxysporum var. 
lycopersici 239; oxysporum /. cal- 
listephi 477 

Galera 800 
Galcrina 322, 800 
Ganoderma 471 
Gcaster 156-157, 160 
Gelasinospora 723-724, 727, 729, 731- 
733; adjuncta 733; autosteira 723, 
726, 728-730, 732-734; calospora 
733; ccrealis 723, 725-726, 729, 
732-734; tetrasperma 723, 726, 
728-730, 733 

Geolegnia inflata 280, 287 
Geopyxis 497 

Gerwasia 794; chipensis 793; fascicu- 
lata 793; rosae 793; rubi 793 
Gibberella saubinetii 255 
fiil)cllula 306, 308, 310-311, 313, 315, 
320-321, 575, 588, 685; alata 306; 
arachnophila 306, 308, 310-311,315, 
317; arachnophila f. leiopus 313, 
318, 685; arachnophila /. macropus 
313, 317; aranearum 306, 308, 310- 
311, 315, 317; capillaris 306; ele- 
gans 306; formicarum 306; formo- 
sana 306; Haygarthii 311, 317, 
320; leiopus 313, 316, 318, 321, 
575-577, ^5; phialobasis 306; pul- 
chra 306, 308, 310, 313, 315-317, 
321; suffulta 310, 317, 321 
(iliocladium vermoeseni 137 
Glit»mastix convoluta 209, 212 
Gloeocercospora sorghi 759 
Gloeocystidium 66 

Gloeosporium 759; meinersii f. al- 
pina 759; septorioides 259, 261, 
263; septorioides var. major 263 
Glomerella cingulata 257, 404; gos- 
sypii 350 

Gnomonia leptostyla 255: veneta 255 
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Gonatobotrys 60-61, 63, 65-^; flava 
65; microspora 61; pallidula 61; 
ramosa 65; simplex 2, 60, 62, 65, 78 
Guignardia aesculi 255 
Gymnopilus 800 

Hamaspora acutissima 794-795; ben- 
guetensis 794; hashiokai 795; lon- 
gissima 795; rubi-sieboldii 794; 
sinica 795; taiwaiana 795 

Hapalophragmiopais 227; pondero- 
sum 227-228, 232 

Hapalophragmium 226-227, 231; 

Acaciae 227; annamalaiensis 226; 
Derridis 226; mysorenae 224, 226, 
232; ponderosum 226, 231; pul- 
chrum 226; setulosum 226 
Haplaria 413 

Haplosporangium parvum 674, 678 
Harposporium anguillulae 56 
Helminthosporium cynodontis 540; 
dictyoides 769; sativum 549; ste- 
nacrum 770; tritici-repentis 770; 
tenuissimum 65 

Hendersonia 523-524, 531, 535, 765; 
crastophila 535; culmicola var. 
minor 542; graminis 546 
Herpobasidium filicinum 193 
Heterosporium iridis 255 
Hirneola 471 

Hirsutclla 290-291, 293, 315, 320, 
572, 583, 587; aphidis 583; Besseyi 
291-292, 294, 296; clavispora 572; 
lecaniicola 582; ThompsonU 293- 
296 

Histoplasma 668-673, 679; capsula- 
tum 143, 239-240, 298-300, 668- 
671, 674, 676-679 

Hormodendron 413; cladosporioides 
344-345, 351-352, 354, 356-360, 
363 

Hyalodendron 403, 415, 418; album 
414, 416 

Hyalopsora aspidiotus 193 
Hydnum 471 
Hydropus 118 

Hygrophorus 83; erubescens 83; 
purpurascens 83 

Hymenochaete 471; tabacina 193 
Hymenostilbe 310, 313, 566-567, 578, 
581, 583, 585-587; ampullifera 573; 
aphidis 569, 583; arachnophila 575, 
587; aranearum 574, 575; campo- 
noti 569, 586, 589; dipterigena 569, 
580-582, 589; formicarum 569, 5W, 
586; fragilis 578; lecaniicola 569, 
580, 582-583, 589; melanopus 586; 
muscarium 566, 581; spheoophila 
569, 586; sphingum 570, 572; ver- 
nicoaa 569, 587, 589 


Hypholoma 196, 471, 800; caput- 
Medusae 126; cascum 123; scobi- 
naceum 122 

Hypodermella punctata 193 

Inocybe 81, 91, 92, 95, 99, 102-103, 
105, 110, 133; armoricana 89-91, 
134; Bresadolae 113; capucina 113; 
chelanensis 110; fastigiata 91, 93; 
fastigiata var, arenicola 93; fas¬ 
tigiata /. alpestris 91, 93, 134; 
griseo-lilacina 93-95, 134; jurana 
91; Kauffmanii 105; laetior 95-96, 
98, 100, 134; leiocephala 98, 100, 
134; oblectabilis 102; oblectabilis/. 
decemgibbosa 100-102, 134; ob- 
scura 95, 109; obscura var, rubens 
98, 100; obscura var, violascens 
95; picrosma 102, 104-105, 134; 
praetervisa 102; pyrotricha 106, 
134; rainierensis 108, 109, 110, 
134; sororia 91, 93; suaveolena 
105, 110-111, 113, 134; subdestricta 
98, 100; subrubescens 91; xantho- 
melas 106 

Insecticola 569, 577, 584-585; cla- 
vata 569, 576, 577, 589; fragilis 
569, 578, 580,'589; pistillariaefor- 
mis 569, 576, 579, 589 
Irpex 471; cinnamomeus 193 
Isaria 310, 313, 577; arachnophila 
310-311, 313, 315, 320, 566, 575, 
587-588; aranearum 310; cunei- 
spora 315; flava 315; floccosa 571; 
japonica 306; lecaniicola 582; pis- 
tillariaeformis 572, 579, 581; 

sphecophila 586-587; sphingophila 
5/1; sphingum 566, 570-572; stri- 
gosa 571; surinamensis 572; tar- 
tarea 310 

Isoachlya 400; intermedia 280; ito- 
ana ^0; unispora 193, 280 
Itersonilia 496 
Ithyphallus 471 

Karlingia rosea 778 , 

Kuehneola 794; callicarpae 793; ja¬ 
ponica 794 

Laccaria 800 
Lachnum virgiheum 193; 
liiECtarius deliciosus 475 
Lanopila 158; wahlbergii 149, 158 
Lecanora Haydenii 753 
Lentinus 471; lepideus 167, 184 
Lenrttes 143, 471 

Lepi6tfv7471, 800; Molybdites var, 
mfirgbiata 800 
LejCf^ie^a caudata 193 
Le'jgmphaeria 542 
Lepinstroma Camelliae 190 
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Leptothyrium periclymcni var. amer- 
icanum 193 
Leptotus 800 
Leucopaxillus 800 
Leucotelium pruni-persicae 796 
Lichen chalybeiformis 752 
Limacella 800 
Lobaria oregana 750 
Lycoperdon 158, 471; depressum 155, 
159; pusillum 149, 159 
Lyophyllum 800 

Macrosporium 483; caudatum 483; 
florigenum 483; nigricantium 482; 
sarcinaeforme 254-255 
Marasmius 475; androsaceus 475; 

oreades 161 
Maravalia achroa 796 
Marsonia 261; matteiana 261; ochro- 
leuca 262; querciiia 259-261, 263; 
quercus 260, 262 

Marssonia 261-262, 264, 332; ochro- 
leuca 260, 262, 263; potentillae 
332; quercina var. major 261, 263 
Marssonina 259, 261-262, 332; mar¬ 
tini 259-263; ochroleuca 262-263; 
quercina 263; quercus 261-262 
Melampsora 781-782, 784; aleuriti- 
dis 782, 797; coleosporioides 783; 
euphorbiae 780; euphorbiae-dulcis 
780; kusanoi 780; larici-epitea 782, 
797; ribesii-viminalis 782; yezoen- 
sis 780, 782 

Melampsoridium carpini 780 
Melanospora destruens 617, 620 
Mcmiioiiiella echiiiata 206, 209, 212- 
213 

Merulius 471; lachrymans 163-164 
Metarrhizium Anisoplae 212; brun- 
neum 212 

Microbotryum montagnei 506 
Microsporon lanosum 203 
Microsporum 217,220,601; Audouini 
216, 348, 593, 594; canis 216, 270, 
593-594; gypseum 203, 209-210, 
212-213, 216, 220, 222, 270, 593-595, 
597-602 

Milesia 325, 329-330 
Milesina 325, 329 
Monacrosporium 371 
Monascus purpureus 344 
Monilia 445; sitophila 344 
Monospora 608 
Monosporella 609 

Monosporium apiospermum 233-240 
Montagnites 157; arenarius 156 
Mucor 12, 204, 271-272; lusitanicus 
344; mucedo 344; racemosus 344, 
347; Ramannianus 137-138 
Mycena 88, 114, 117-118, 134, 430- 
431, 800; bisphaerigera 115; bore¬ 


alis 114; cineraria 115; fallaxllS- 
114, 134; litoralis 114; rainierensis 
114-115, 117, 134; rorida 429-430; 
rorida var. lamprospora 423, 427, 
431 

Mycenastrum 158 
Mycobacterium tuberculosis 298 

Mycogloea 385; carnoaa 385, 387, 
389 

Mycosphaerella 405, 414, 542, 547; 

chimapliilina 194; pinodes 404 
Myrothecium roridum 215; verru- 
caria 212 215 

Naematoloma 322-323, 800; ericeum 
322; Myosotis 323; udum 322 
Naucoria 127, 800; Myosotis 322-323 
Nectria 735 
Nematoctonus 56 

Nematospora 604, 607-609, 620, 623; 
coryli 604; gossypii 603-604, 608, 
619^21, 623; phaseoli 608, 623 
Nephrochytrium 772-774; amazonen- 
sis 774, 778; aurantium 773, 778; 
stcllatum 773, 778 

Neurospora 673, 679, 684-686, 723, 
726, 734; sitophila 163, 270 
Nigredo leptoderma 230 

Octomyxa 279, 289; Achlyae 279; 

Brcvilegniac 279-281, 283, 285-287 
Oedocephalum 65; roseum 65 
Oidium 445 
Olpidiopsis 280, 288 
Omphalia 118, 430, 471, 800; cam- 
panel la 800 

Omphalina 116, 118, 800; isabellina 
117-118, 134 
Onygena equina 200 
Oospora 204, 445; lactis 213-214, 344 
Ophiobolus graminis 764 
Otidea abietina 501 
Ovularia 403, 406-407, 412-416, 418, 
420-421; deusta 408, 410, 412, 415- 
416, 422; fallax 407; pusilla 767 

Panellus 426 

Panus 471; stypticus 423, 426-427, 
430 

Parmelia molhuscula 753 
Patella melalome 304 
Pedilospora 560; incamata 561; 

parasitans 561 
Peltigera canina 194 
Penicillium 136, 161, 184, 204, 213- 
214, 269-270, 346, 434, 436, 681, 
688; anomalum 344; brevicaule 
204; chrysogenum 137, 144, 344; 
claviforme 137, 555; crustaceum 
344; crustosum 345, 351-352, 354, 
35^360, 363; cyaneum 345, 351- 
3^2, 354, 356-36), 363; cyclopium 
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345, 351-352, 354, 356^60, 363; 
digitatum 167; expansum 344; 
funiculosum 161-165; glaucum 347, 
349; islandicum 137; lemoni 137; 
melinii 344; notatum 137-138, 144, 
163-164, 344, 522; olivino-viride 
345, 351-.352, 354, 356-360, 363; 
puberulum 139, 344; purpuroge- 
num var, rubri-sclerotium 137; ro- 
quefortii 239, 349, 364; sinmlicissi- 
mum 207; ^inaceum 13/, 139; 
waksmani 345, 351-352, 354, 356- 
360, 363 

Pcniophora 66, 471; cinerea 194; 

pallidula 61 
Pestalotia 207, 439 
Peziza bronca 497-498 
Phaeoseptoria 765 

Phakopsora 781, 783, 785-786; am- 
pelopsidis 785, 790; artemisiae 786; 
cheoana 784, 797; compositarum 
786; fici-erecti 783-784, 797; for- 
mosana 783; hengshanensis 783- 
784; incompleta 786; innata 783; 
malloti 783, 797; meit^miae 784; 
meliosmae 785; nishidana 784; 
pachyrhizae 784; punctiformis 786; 
zizyphi-vulgaris 785 
Phallus 471 

Phellorina inquinans 156 
Phialophora compactum 216; fastigi- 
ata 216; jeanselmii 216; lagerbergii 
216; melinii 216; obscura 216; pe- 
drosoi 216; richardsii 216; verru¬ 
cosa 216 
Phlebia 471 

Phleospora hanseni 261; muhlenber- 
giae 761, 766 

Phlyctorhiza vahabilis 205, 222 
Pholiota 471, 800; aurea 165-166 
Phragmidium 790^791, 795; griseum 
795, 797; mucronatum 796; nam- 
buanum 796; potentillae 795; rosae- 
dahuricae 796-797 ; rubi-thungergii 
795-797 

Phragmotelium 795 
Phycomyces 139, 164; Blakesleeanus 
137-138, 16^164, 70S 
Phyllachora Witrockii 194 
PMlosticta 523; panici 766 ; owensii 
766; sorghina 766 

Phymatotrichum 366; omnivorum 
348 

Physalospora 338, 340; glandicola 
Ml; malorum 340; tucumanensis 
254-255 

Physanim cinereum 517 
Phytomonas sepedonica 147 
Phytophthora colocasiae 349, 366 
Pichia 609 
Piedraia 609 


Pileolaria 792; klugkistiana 792-793; 

shiraiana 792-793 
Pilobolus 676 

Platygloea 385, 390; fimicola 390 
Plectospira myrianda 142 
Pleospora herbarum 481, 483, 486 
Pleurotus 471, 800 
Podaxis pistillaris 156 
Polyporus 143, 471-472, 474; abieti- 
nus 194; biformis 194; distortus 
473; immitus 473; pusillus 426; 
rhipidium 426, 431; schweinitzii 
163; squamosus 473; versicolor 270 
Poly sphondy Hum 145 
Polyspora lini 445, 447-448 
Polystictus versicolor 339 
Poria 143, 471; incrassata 163 
Protascus 608 
Protoachlya hypogyna 280 
Protomyces 608 

Pro-ustilago rhynchosporae 507 
Psathyrella 81, 88, 116, 121, 126-129, 

131, 133, 196, 331; alboalutacea 
118-119, 134; camptopoda 127; 
candidiasima 122, 123,134; caput- 
Medusae 123-125, 134; delineata 
132-133; disseminata 196; insignis 
123; maculata 122; Naucoria 126, 
134; rubicola 127, 129, 134; sub- 
alpina 130-131, 134; subtenacipes 

132, 134 

Pseudociboria umbrina 501 
Pseudocoprinus 132, 196, 800 
Pseudocyphellaria rainierensis 749- 
751 

Pseudofumago 413 
Pseudosaccharomyces 413 
Psilocybe 196, 322 
Ptychogaster 471 

Puccinia 6M, 779, 786; allii 328; 
amphigena 194; aristidae 542; 
caricis-grossulariata 194; Conner- 
sii 665-666; coronata 194, 547, 
664-667; extensicola solidaginis 
194; incompleta 786; Poae-sude- 
ticae 664, 76/; pringsliieimiana 194; 
pruni-persicae 796;^ scaber 769; 
violae 194 

Pucciniastrum agrimoniae 779; cas- 
taneae 780; cpriariae 780; hydran- 
geae-petiolaridis 78p ; thalloti 783; 
potentillae 775^-7^; Fyrolae 194; 
tiliae 780 

Pucciniostele 790-791; ampelopsidis 
790; clarkiana 7w ; hasMol^ 790, 
797; mandschurica 790 
Pullutetg, 432-439, 441-446, 448, 
802 : thllulans 204, 446-448 
Pu$tiaS 497, 501-502; bronca 
4MMS8, 500-502; catinus 502; 
oSi^cea 501-502 
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Pyronema 302; confluens 301, 305; 
confluens for. inigneum 301, 305; 
omphalodes 301 

Pythium 1, 22, 23, 142, 563, 565; 
arrhenomanes 36, 50; debaryanum 
13, 254-258; dissotocum 563-565; 
irregulare 23; mamillatum 41, 367, 
370; myriotylum 42; oryzae 563, 
565; perigynosum 563-565; salpin- 
gophorum 12; ultimum 2, 31 

Radulum 471 

Ramularia 403-406, 409-418, 420- 

421; arvensis 194; cyclatninicola 
412-413, 417, 419; cynarae 413; 

decipiens 413; deusta 411-415,416, 
417-419, 422; deusta /. latifolii 
417-419, 422; deusta /. odorati 
417-419; Galegae t/ar. Lathyri 410; 
Galegae /. Lathyri 408, 410, 416, 
418, 422; lactea 413; Lathyri 410, 
416, 418; Magnusiana 194; ono- 
brychidis 414, 418, 420; pastina- 

ceae 255, 413; primulae 413, 416; 

roseola 410, 416, 418, 422; ValH- 
sumbrosae 412, 414, 418, 420 
RamulistM)ra 759 

Ravenelia atrides 792; indigoferae 
792; japonica 792 
Rhachomyces 566 

Rhinocladium Bcaurmanni 625; equi- 
num 625 • 

Rhiztx:tonia 254-255; solani 479, 486, 
764, 767 

Rhizophidium keratinophilum 205, 
222; nodulosum 601 
Rhizophlyctis 773 

Rhizopus 164, 681; delemar*137; ni¬ 
gricans 163-164, 344; oryzae 137 
Rhodophyllus 331, 800; abortivus 330 
Rhodotorula aurantiaca 163-164 
Rhopalomyces 271 
Rhynchospora 646 

Rhynchosporium 758-759, 767-768; 
orthosporum 759, 767-768; secalis 
767-768 

Rhyparobius 499 
Rhytisma andromedac 194 
Rozites 800 

Saccahromyces 609; cereviseae 163, 
174, 184, 350, 678 

Saprolegnia 399, 401; delica 280, 391, 
398; dicHna 280, 398-399; ferax 
194, 280, 397-398; litoralis 194, 
280; megasperma 280; mixta 398; 
monoica 400-401; monoica var. 
glomerata 391, 399; parasitica 397, 
401 

Scaphidium boutelouae 761, 765 
Schizophyllum 471 


Schizostoma laceratum 156; mund* 
kuri 156 

Sclerotinia fructicola 253, 255; gladi¬ 
oli 380, 384 

Sclerotium rolfsii 254-255 
ScoHcotrichum 403, 415-416, 418; 
deustum 408, 415-416, 422; grami- 
nis 769 

Scopella 227, 231; aulicus 230; 
echinulata 225, 227, 232; gentilis 
230 

Sepedonium 671; chrysospermum 
670-671 

Septogloeum 376; populiperdum 376- 
378 

Septoria 523-524, 529, 531, 541, 764- 
765; andropogonis 769-770; andro- 
pogonis var, sorghastri 770; andro¬ 
pogonis /. sporobolicola 769-770; 
arundinacea 760, 765; avenae 761, 
764-765, 769; callistephi 479, 486; 
coptidis 194; elymi 534; glyceri- 
cola 769; neglecta 262; nodorum 
524, 763-764, 768-769; ocellata 
262; ochroleuca 262; osmorrhizae 
194; oudefnansii 542; quercicola 
261-262; quercina 262; quercus 
261-262; secalis 764; spartinae 
541; trillii 194; tritici 764 
Septotinia 374, 377, 382-384; podo- 
phyllina 374, 376, 379-380, 382; 
popi^perda 375, 377, 381, 384 
Septotis 377; populiperda 377 
Sigmoideomyces 271 
Sordaria 723 
Sparassis 471 

Speira 555, 558; digitata 555; erum- 
pens 555; Kummeri 555; punctu- 
iatus 555; toruloides 555 
Spermophthora 604, 607-608; Gos- 
sypii 620, 722 
Spermospora subulata 766 
Sphaeria Zeae 341 

Sphaeropsis 338, 759; elysii 255; 

malorum 339-340 
Spicaria 321; longipes 315 
Sporidiobolus 496 
Sporobolomyces 487, 489, 491, 496 
Sporoschisma 556; paradoxa 556 
Sporothrix Schenckii 641 
Sporotrichum 624-629, 637, 640; as- 
teroides 625; Beurmanni 624^25, 
637-638, 640; Beurmanni var. in- 
dicum 638; carnis 344; G)uncil- 
mani 639-641; Fonsecai 624, 639- 
640; Gougeroti 639-640; Grigsbyi 
624, 639-640; Schenckii 143, 216, 
349, 624-625, 637-638, 641, 678- 
679; Schenckii var. Beurmanni 
638; tropicale 625, 639-640 
Stachybotrys atra 206, 209 
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Stagonospora 523-524, 526, 531, 535, 
539, 763-764 ; agrostidis /- angusta 
769; arenaria 765; bromi 533; 
Curtisii 550; ischaemi 539, 552; 
simplicior 761-764; simplicior var. 
andropogonis 762-763; simplicior /. 
andropogonis 763; spartinicola 
759-761; subseriata 768; vexatula 
760 

Stagonosporopsis 526-528, 548 
Steccherinum pchraceum 194 
Stemphylium 204, 477-479, 483-484, 
486; botryosum 481-4M; calli- 
atephi 477, 480, 482, 485; solani 
484 

Stereum 143, 471; fasciatum 194; 
frustulosum 476; rameale 143; 
sanguinolentum 194 
Sterigmatocystis 310 
Stilbum 569 

Streptomyces 257; griseus 258 
Stropharia 322 

Strumella 735-736, 738-742; cory- 
neoidea 735-736, 738, 742 
Stylopage 66 

Syncephalastrum racemosum 213-214 
Syncephalis nodosa 676 

Taphridium 608; bacteriosperma 194 
Taphrina caerulescens 195; dearnes- 
sii 195; flava 195; virginica 195 
Tetracrium 560; incarnatum 560-561 
Thamnidium chaetocladioides 344- 
345, 351^54, 356-360, 363; clegans 
344 

Thamnocephalis 271 
Thecotheus 499 

Thraustotheca 242, 250-251; bispora 
250; clavata 195; primoachlya 280; 
unisperma 250, 280 
Tilachlidium 556 
Tilletia 487, 495 

Tilletiopsis 487-489, 491, 495-496; 
minor 488-489, 491-492, 495; 
washingtonensia 488, 490-491, 

493, 495 

Torrubia sphingum 572 
Torrubiella 313, 315, 320; alba 315; 
albolanata 315; arachnophUa 315- 
316; arachnophila var. mopus 312, 
314, 316, 318, 321, 685; arachno¬ 
phila var. pulchra 307, 309, 316, 
321; aranicida 315; gibellulae 315- 
316; gonylepticida 315 
Torula 445; convoluta 206 
Trametes 471; pini 163-164; suaveo- 
lens 167, 184 

Tranzschelia 796; pruni-spinosae 793, 
796 

Trichoderma 204, 439; viride 207 


Tricholoma 800 

Trichophyton 143, 217, 220, 239, 693- 
695, 706, 709; album 694-696, 698, 
703-705, 707, 710, 714-715; album 
var. singulare 698; bullosum 695; 
caballinum 695; discoides 694-^96, 
698, 704-705, 707, 710, 714-716; 
equmum 695; faviforme 693, 697- 
700, 702-704, 711-716; faviforme 
var. album 697-698, 704, 712-714; 
faviforme var. discoides 697-698, 
704, 712-714; faviforme var. ochra- 
ceum 697-698, 704, 714; gypseum 
347-348; interdigitale 202-203,222, 
348, 602; mentagrophytes 216, 239, 
241, 451-452, 454-456, 458-462, 
464-469, 593; ochraceum 694-696, 
698, 704-705, 707, 714; papillosum 
695; rosaceum 203; rubrum 216, 
348, 593-594; Schoenleini 693-694; 
singulare 698; sulfureum 216; ton¬ 
surans 216, 593; verrucosum 694- 
695; villosum 695 

Trichothecium polybrochum 4, 13; 
roseum 61 

Tulostoma volvulatum 156 

Umbilicaria Muhlenbergii 757 

Uredo 329; Callicarpae 230; Carissae 
230; Isachnes230; Panici-prostrati 
230; vitis 785 

Urnula 738-741; craterium 736-737, 
740-742; hiemalis 740, 742 

Uromyces acuminatus 195; caladii 
195; leptodermus 230 

Ustilago 495, 503; axicola 646-647; 
bipustula 508; Caricis 512; chaco- 
ensis 651-652; conglobata 511; di- 
chronemae 508-509; fimbristylis 
646-647; fimbristylis-miliaceae 6^9 ; 
gigantospora 505; intercedens 508; 
juncicola 508, 510, 647-648; lieb- 
manni 508-510; mariscana 651; 
montagnei 503,506; montagnei var. 
major 503; peribebuyensis 646; 
psilocaryae 50^507; rhynchosporae 
505-506, 509; sclerlae var. dichro- 
nemae 508; taubertiana 503, 506- 
507; tritici 255; zeae 255 

Vaginata 800 

ygnturia dickiei 195; inaequalis 254- 
255; pulchella 195 

Viscomacula 758; aanea 758 

Vuilleminia 66 

XeroitH^l^lina 800; campanella 118 

Zygorti^chus heterogamus 277; vuil- 
1^1 277 
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